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High-precision analyses of trace elements and isotopes

Chuan-Chou Shen ()1 #)!

"High-Precision Mass Spectrometry and Environment Change Laboratory (HISPEC), Department of
Geosciences, National Taiwan University, Taiwan, ROC.
Research Center for Future Earth, National Taiwan University, Taiwan, ROC

Abstract

High-Precision Mass Spectrometry and Environment Change Laboratory
(HISPEC) was established at the National Taiwan University in August 2002. Several
geochemical experimental rooms, including a geological rock cutting room with wire
saw machines, a class-10,000 carbonate subsampling room with class-100 working
benches, a class-10,000 geochemical clean room with class-100 chemistry benches,
and a class-10,000 clean machine room with one high-resolution sector-field
inductively coupled plasma mass spectrometer (SF-ICP-MS) and one multi-collector
ICP-MS (MC-ICP-MS), were well set up. In the past two decades, we have developed
high-precision analytical techniques for trace elements and isotopes, published in the
leading journals of geochemistry and analytical chemistry as follows. (1)
High-precision carbonate dating techniques with 2-sigma precision of 0.5 yr or less
were established (Shen et al., 2002; 2003; 2006; 2008; 2012). (2) Determinations of
carbonate trace element/Ca ratios with 2-sigma errors of +0.3-2.0% were developed
(Shen et al.,, 2007; Lo et al., 2014) (3) Worldwide unique methods of direct
measurement of carbonate rare earth elements were reported in Analytical Chemistry
(Shen et al., 2011) and Analytica Chimica Acta (Wu et al., 2018). (3) New half-lives
of 2%*U and ?*°Th and frontier U-Th dating techniques with new dating limitation to
800 thousand years were presented in the Geochimica et Cosmochimica Acta (Shen et
al., 2012) and Earth and Planetary Science Letters (Cheng et al., 2013). Both papers
were cited over 300 and 1000 times, respectively. (4) The best method of sulfur
isotopic analysis, allowing small sample sizes, as low as 0.5-3 nmol sulfur, was
published in Analytica Chimica Acta (Yu et al., 2017). These techniques can be
applied to dives and interdisciplinary fields of Earth Sciences, such as environment
and climate changes, anthropogenic pollution, paleoclimate, paleoceanography,
archeology, human evolution, and geomagnetism.

Keywords: SF-ICP-MS, MC-ICP-MS, trace elements, isotopes
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High-precision Magnesium Isotopic Analysis and its
potential applications in Continental Weathering and Past
Ocean Chemistry

Kuo-Fang Huang * Yung-Hsin Liu ~ Ruo-Mei Wang
Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan

Abstract

A compararively rapid, high-sensitivity, high-precision technique for magnesium (Mg)
isotope analysis of trace amounts (<50 ng) of Mg by high-resolution multi-collector
inductively coupled plasma mass spectrometry (HR-MC-ICP-MS) was developed and is
reported here. The technique utilizes a combination of the high-sensitivity Jet interface
on Neptune Plus, together with the low-blank and high-efficiency column separation for
Mg, which allows us to achieve the optimal condition for accurate and high-precision
Mg isotope measurements on geological materials with a variety of sample matrices.
This technqiue was further validated by analyzing a series of international reference
materials (iRMs), which span a wide range of the Mg isotope ratios (8°°Mgpsm.3: from -
0.17 to -4.88%o) and different sample matrices.

The long-term precision of §*°Mg for a sample size of 50 ng Mg is better than = 0.06 %o
(2SD). Replicate analyses of the iRMs, including BCR-2 (basaltic rock, §**Mgpsm.s = -
0.17 + 0.07%o, 2SD, n= 5), NASS-5 (seawater, 8°°Mgpsm.; = -0.81 + 0.06%o, 2SD, n=
17), SLRS-6 (river water, 8*Mgpsm.3 = -1.24 + 0.05%o, 2SD, n= 5), JCp-1 (coral,
8 *Mgpsas = -1.92 £ 0.05%o, 2SD, n= 6), CAM-1 (pure Mg solution, 8**Mgpsm.3 = -
2.62 + 0.06%0, 2SD, n= 50), ERM-AE143 (synthetic Mg solution, 526MgDSM.3 =-327+
0.05%o, 2SD, n=5) and IRMM-009 (synthetic Mg solution, 526MgDSM_3 = -4.88 £ 0.06%o,
28D, n=5), are in excellent agreement with the recommended values, demonstrating the
robustness of the presented protocol for natural materials with different matrices.
Applying our high-sensitivity technique, we are able to generate high-precision and
reproducible Mg isotope data for natural materials, such as natural waters and marine
carbonates, which can provide complementary information on the geochemical cycle of
Mg on Earth surface. Potential applications in continental weathering and past ocean
chemistry will be presented at the meeting
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Using trace metal isotopes to study marine biogeochemistry: Fe and Zn cycles in the Pacific
Ocean

Wen-Hsuan Liao'?, Tung-Yuan Ho**, Chen-Feng You!

!Department of Earth Sciences, National Cheng Kung University, Tainan, Taiwan

2Department of Ocean systems, Royal Netherlands Institute for Sea Research (N10Z), Texel, The
Netherlands

3Research Center for Environmental Changes, Academia Sinica, Taipei, Taiwan

4Institute of Oceanography, National Taiwan University, Taipei, Taiwan

Trace metals are required for numerous processes in phytoplankton, who controls
marine primary production — the foundation of marine food web. Among different metals, iron
receives most attention because it can limit the growth of phytoplankton in around 30 % of the
global ocean. The second important one, Zinc, is used intensively in human’s daily life and a bio-
essential metal, so Zn can be an ideal metal to trace anthropogenic activities. Studying trace
metals thus can improve our understanding of material cycling in the ocean and help us to
investigate the impact of human’s activities on the ocean. In the past decade, the successful
GEOTRACES program have significantly advanced our knowledge about the distributions of
trace metals and their isotopes in the ocean. Combining trace metal concentrations, metal
isotopic composition can be a very useful proxy to obtain further information to understand
marine trace metal cycling. During my talk, | will show you how | use metal isotopes to study
the sources and internal cycling processes of trace metals in the ocean: 1) Using Zn isotopes to
investigate the impact of anthropogenic aerosols on the trace metal cycles in the Northwestern
Pacific Ocean; 2) Using Fe isotopes to study sedimentary Fe input, animportant but
underestimated source of Fe to the ocean.
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Application of Mo isotopes in Taiwan rivers

FERSEIEIAL RN G- [ 2 5e

Shail Vijeta Ekka'??, Yu-Hsuan Liang’, Kuo-Fang Huang"?, and Der-Chuen Lee"*"

! Taiwan International Graduate Program, Earth System Science Program (TIGP-ESS), Academia Sinica and
National Central University, Taiwan
2 Institute of Earth Sciences, Academia Sinica, Taipei 11529, Taiwan
3 Department of Earth Sciences, National Central University, Taoyuan 32001, Taiwan

*Correspondence: dclee@earth.sinica.edu.tw

Recently, application of non-traditional stable isotopes e.g., Molybdenum (Mo) isotopes
are emerging as a potential proxy in understanding Earth’s surface processes like terrestrial
weathering. Besides, it can be helpful as a tracer in constraining the source and fate of
anthropogenic metal pollutants in the river system. The Mo abundance and its Mo isotopic
composition from major river catchments were investigated to better understand the geochemical
behavior of Mo and its fractionation mechanism during weathering and fluvial transport in a
tectonically active high-stand island (Taiwan), and elucidate the mechanism that drives the heavy
8’9 Mo in Taiwan’s rivers. To delineate the source a set of host rock, fluvial bedload sediments
and industrial wastewater samples were also measured. The results demonstrate that the heavy
Mo isotopic composition in Taiwan’s rivers is likely due to incongruent weathering of host rocks.
Moreover, as these rivers flow through various lithological units, it is not straightforward to
recognize a common isotope fractionation mechanism. However, overall the sequestration of
lighter Mo isotopes that are associated with fine-grained residual products of weathering like Fe-
Ti oxides present in the fluvial bedload sediments acts as a sink for lighter 5****Mo. While, few
rivers are impacted by anthropogenic pollutants and seawater. Based on these data, our results
illustrate the potential use of Mo isotopes as a geochemical tracer of chemical weathering
processes, as well as source tracer for anthropogenic input, governing the Taiwan’s river system,
thus having important implications on the global Mo cycle and temporal variability of riverine

Mo supply to the ocean.

Keywords: Mo isotopes; application; Taiwan rivers; chemical weathering, anthropogenic Mo.
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Preliminary performance of LA-ICPMS U-Th-Pb monazite dating system
Jian-Wei Lin', Hao-Yang Leel, Chi-Yu Lee?, Cheng-Hong Chen?

1. Institute of Earth Sciences, Academia Sinica
2. Department of Geosciences, National Taiwan University

Abstract

Monazite [(Ce, La, Nd, Th)PO4] is an accessory mineral that commonly crystallizes in
peraluminous granite and medium to low-temperature meta-sedimentary rock.

Due to high uranium and thorium contents and typically low common lead, monazite
is widely used as a U-Th-Pb geochronometer by in-situ methods of SIMS and LA-
ICPMS techniques. The analytical instrumentation, a Photon Machine 193 nm laser
ablation system coupled with an Agilent 7900 quadruple ICP-MS, utilized here is
installed at the Institute of Earth Sciences, Academia Sinica. To obtain accurate age
data with maximum precision, seven monazite reference minerals (RMs) of Elk (1390
Ma), Namaqualand (1060 Ma), Iveland (930 Ma), TS (910 Ma), Bananeria (510 Ma),
DIA-2 (495 Ma) and Jefferson (365 Ma) are applied a variety of laser repetition rates
and spot sizes. We find a laser repetition rate of 5Hz with constant energy density
of 2.36 J/cm; and spot size of 15 um as optimal running conditions, under which all
ages of RMs calibrated by primary standard of Bananeria agree with their respective
U-Pb concordia ages within 12.0% of uncertainty. In addition, LA-ICPMS ages of
monazites from Western Taiwan and Yunkai Massif, using the same parameters, are
consistent with those obtained EMP ages of ~1800 Ma, ~430 Ma and ~230Ma. The
preliminary results indicate that the LA-ICP-MS technique employed in this study
allow accurate and precise U-Pb ages on monazites of variable ages between ~1.8 Ga
and 230 Ma.

Keywords: Monazite, U-Th-Pb geochronology, LA-ICPMS
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A new semiautomatic graphitization system using H> reduction at

NTUAMS Lab

Tzu-Tsen Shen!, Hong-Chun Li!, Rick Qiu'
1Department of Geosciences, National Taiwan University, Taipei, Taiwan

Abstract

The NTUAMS Lab has built up a low-cost, compact, and computer-controlled
graphitization system since December 2021. The device contains 6-unit reactors for the
reduction of CO> with H» on iron catalyst and is directly connected to an elemental analyzer
(EA). For each reactor volume, CO> gas pressure of ca. 390 mbar corresponds to 1 mg carbon
mass. The sample with carbon mass of 0.5-1.5 mg can be prepared to obtain good quality
graphite. The procedures take about 7 hours for ion condition, sample combustion and loading,
and graphitization. The new H»-reacted graphitization system is four times faster than the Zn
reduction method that we have used since 2015. The system has a stable and low background
with a mean '*C/'?C value of (4.30+1.52)E-15 (n = 40) for the anthracite samples (BKG) and
steady OXII standard measurements with a mean '“C/!2C value of (1.116+0.029)E-12 (n =27).
The batch tests of inter-comparison standards (FIRI-L and FIRI-M) have shown that the
measured '“C ages are almost identical to the consensus values with small standard deviations.
During the past year, the system has been carrying out graphitization for samples including
plant, peat, stalagmite and sediment. The graphite samples produced by the system have
resulted in reliable '“C dates and contributed to our research projects significantly. The new
graphitization system provides a more efficient and convenient way for organic sample

preparation for AMS '“C dating.

Keywords: AMS '“C dating, graphitization system, Hydrogen reduction, organic carbon



OFEm X EiE
FRHE [T (35 ok A 2 e B e 2 R B e 11 240F R AN AR & VI-0-07
V1 - General Geochemistry —fithERir

T a5 4 IR 34 &+ 8Ba% HAAF 'é?%ﬂl&ﬂ?']

AR g R F RS R PR
(DE = 5 < R pE k- Q2) ¢ LRy P EFT 7

#H 2

a5 T IEEE UK R R R &ﬁ’%fkﬂmwl4
TR AR PHuE G VR s R NERT “\?%#ﬂﬁ"‘i/@"
B2 G ) PR P o AT o AT BER RAIE SRS AT PG
Fh LA 0 TR L mr,gﬁp BIRL P EM AL - S EuE R o 2R m@ﬁa%
PEPEXEEMS L TRFHE T E L L 44 FH(0-FeOOH) » G d @ i 55~
(sequential extraction procedure, SEP) 4" 47 & Fiphdh eyt (1 %) A 10%3]22% » H 4% 4 é.:
WA o £ A JET P Z A AT B 5 G121 & Gt7 » GtI2E 4 A pdsR £ 4 § 1
g BB A @0 PR ApH 125 A GUTREd AT 4R & BEL T 45 R
Erz g f gy By fl o B apH T - 1000 ppmef R332 7% & ik 7
A 2430 A4 ER S01-051-10~50 ppm o ¥/ 3 b4~ 4ok
B o Gt12# 5o g8 7% 7 1L 32-0.005 ~ 0.035 ~ 0.065 ~ 0.427 ~ 1.17% 5ok 5 Gt7+
Fo P T O HEEP~0.024 5 0131 ~ 0.240 ~ 2.20 ~ 104 % 5. ek o B AR A do Rk B 0k
B P GTAEEHT L $ G2 5 - BaR sB s b G S 99.99%45 %
Joded S Rl o @ GH2NE F A 4Rk R R 4o SR g g SR TA% " $125%
% PR E R 50.01 g/10mLSSEPA 47 » W g4k & 5 0.1 ppm » Gt12 & Fif A it
b 5 11% » S HEA v 5] 5 89% 3 GT e fipAd bl b 5 16% » St 6] 5 84% £ =
ZEERAE o T TS ffﬁr’ﬂéﬁﬁ%# C KSR N M ERE UL SR it 3 A

E5 T Renp TR AL TSk B 4 G R0, H)sppm » %2 AZE0.Sppm - A
ek B 5 0.1 ppmenGI2H A B 8 1 (As/Fe) 4 5 53100 Gt7.9 5 3x105 » % X eh
AP FP 5 1-8x10% > BT AHETH D Hd MR R R CRRE R TR TR B A i
4 7 i'jlg:}"ﬁ 5#}%;}%:}%&4%—#4 Yoy L$£¢Aﬂﬁjﬁ4% o gkfﬁ’"rf’]% ﬁﬁiﬁ?%#’;' ?4*-;;
A3 la'\aw)ﬁd"b'% B4 '%mj\/};ﬁ-‘lﬂ—\“ iERE R ‘-’”‘55{"2 ’ /'L?]%«Jf"ﬁ LAPE=S: D g AR T
A% 48 7 (Pyrite) 1 2 g+ 48 7 (Pyrrhotite) 2 = 5 42 £_d w ] Ropi fR 42 38+ ﬁd,%!
Fritde o — ERB Y JA 0 RV BHI R EA S 0 P BT RS e AH P A&
AR H P oo BRI R AR R TRE KT TR EAF 'L/pﬁ*
i T?”?I*iﬁ«'*’ﬁé”b% AR R D e BT € L@ DR SR Y BT D
Fooo PR G R INE D VBT T ERER P A FARER TR T D
0.1-0.3 ppm » 18 &-4B 7 1 11 fdie Ak B T £ T 1 o Gt124 4Rk A 5 10 ppmeh
As/Fe 5 5x10% » @ Gt7 teid=4om )k B 5 1 ppmifiAs/Fe 5 4x10% » 22 1 2R i 4~ “L%"
As/Fefie & 31T o $30GtTem Spd & * ik 483 R B ALV BT R R 23]
Y E N T AR IR S v & e PR TR enflek B 5 hpH 7 0 E_?Gt7
RmE S Y iR kg - R oo Gt7T7 F & Gt12:E 1110 ppmibept B Ak K ik 2
SR SRR ek rsAs/Femfr%ﬁ?% v B *Qﬁé';'}é)i?fﬂ'ﬁti‘éi 4e % 05— lppmgﬁ?%i o B
FhABOL RGBT AR E ek TORRB T BT T A By 7 BRI HSER
BT ¢ BRI R TE LMY > A R TR RRSRT] o

LS 2
AN

() R340 B2 32 % g/ Sgce - PIREEL
Q) 8 AL/ z &5
(3) E-mail : jeff0920207796(@gmail.com



HH 3 T [ b Bk 7 B g B e 3 [ 0 SR 1 1 29 AN AT R & V1-0-08
V1 - General Geochemistry —fZHhEk{ik 2

KREHFKBRNBRAFERZAE

PR kAo F R R R
Bz S5 A F Rk F

#H %

BB TORFHCAY S HRIL S R RF RO R TR F o e L
H e PR 2~ A RBTRITH R DT e A2 AR LR RBTH Y & UK R
Vo W AR MEREEL S "T# o & S vRaFAEY R S A EREBIIDE &
i BRR o B leﬁ%%] 22 AuEE 01505155104
50 ppm Ak R o R &4 R 24 J F% CUUER A TR (8 0 S d Ak FE I S b
* o I E G EART AR XRD BFHE o &3 OR TR R AMER HQ-
ICP-MS i P18 » A -REBFHE F 8PS fTic 4 o ARG BB ? Uik R X
* lppm o AR T TG UBERE ~ X 6.5 g KBTI ¢ o
TECRBTFHEAR T APIEROPRFFEEREFAT B P BRI (S/L)
5001 (10mlz# ¢ 54 0.1 g B4 ¥ AR EH = =R 1B gfod oA
L G o s FE BB R AT 0 Adv e kA 0.1-50 ppm m,p,’é“ REIS YR
WG] > 90% kAR TR R o (N ACKARTRE § 2LF B enM Tk 4 o 2 Mn §
P frR TEAF PSP ERGO 01M BREREAREPT FE S o AZE
80% ek it A 1% i B = XL E B Frw oo 2RI A v o F 3 padh
TR A SR OEF M TP FERIPr T A L G
Rk B TR ot A RCTI Tok enier
TR E 10% KT~ A e TR F P> &7 S/L=0.001 (10 ml ;#H|
ﬂ‘?QMgﬁwgﬁﬁﬁﬁaé%ﬁS&=OM¢WHa%ﬁi%—iiﬁﬁ%’
WF o> 80% SRR THHATA o G A P Gl 5P B A i e
FREAHEFAXEEAHI > TT w P HRam e
PP LB RIS B RBHIR AT XRD A BREAPEA &
fﬁ% L 4%~ pRph = & 4%~ BERERA RIS o KBTI ARG Tt A 2 Ap S AL
BRI HEF LS & AH I T Z PR o B KRR o KRBT E B
IR DRI B REBRE A PR E ABFHERFT 0 L
FURa P B i = 2B R BT 7 AR PH FRE hiUR 8 L SR A SR KA
T H B LRI R TSP ERE
BisB sl L@ FEPH I As/Fe 1 @4 4o k&R = 0.1-50 ppm 4p B
BBk 2P Ao kR Z ko B3 AsfFe 1 B3 3 R ML &
Y R R R R FlAde Ak R B R B8 XRD fhi % 7 A Ul i) 8
SR E A BATR R AT o R As/Fe it BT AR a0 R i
- PR HREE

(1) Mz =>7 < Fep g /PR
Q) L2/ 5
(3) kent310102@gmail.com




Hh 2 PG [ 1t R ) PR B i i 3 P R 11 24 RE ST A & TT-0-09
TT - Taiwan Tectonics E vV M ##iG BIREE 5B

EBNFREE

BROCUL '~ SRE T Bk B R
RIS~ A58~ fEEE)

. EEREHERE A
2. FRINAREHIERFIER 214
3. B KERER L

S

AW TR =+ (1990-2022 ) DURAHIEEE R DR R RO i
ORISR > WIS E SR - SRR I S A R i e
AT RS (MRETY) o B S dbi F i B E R A D) T
29 ERER @R GRS S - Sl PATILIARE RED) T 18 [ERER @Ak
{6 R R ] © AFHTE AR EHA # SKUA-GOCAD ™ 818 - 17 278
SEERES Sy RIS Y =R E R - BT E] oy T 27 T 0 ke 3 AR
e

AWFERHEBUAIR & A 32 & - WM E RS R A= A I
= HEERIEREY o EZEAFEMERIEIE - RIFH R B IER
M- ARSIy T 27 (EMETY 0 K 3 AR o 1. B PRME RS ¢ b
AEEEET o 2. UE U ERISE | BkITE - TR - BEE - S
B - BB - FEMETY - aPtER - P EUER - R
3. FnlrE RS © FRIHEY - FUtEY - WEER - 4. BP0
It B S - A BRI ~ O IARE it Ty - ROR-r AR - B
AHETY ~ PfEETY © FERUARTEEEET - 5. BRI ERIEE | §ie
Bt 2R - SUEMET © 4B THBUER - 6. ILEERAHIE SR ¢
REXUBHER « BULUEXUMER - ZEMER  BKEEHER « s
fEHER - BlesREEY - 7. BElRY | BehbiRER - 8. HEkRE
2 L BRERPLRRETY © IR RS AR E Y -



Hh 2 R B M RR ) B 2 i e 2 RSt S 11 24 BEEMART AT &

1o
=
TT - Taiwan Tectonics E ¥ H/E G BT 1 558

A new approach of wedge deformation theory (D-layer)
- example from Taiwan orogen

Yuan Hsi Lee*!, Eh Tan*? , Chai Bin Chang', Chase J. Shyu??

(1) Department of Earth and Environment Sciences, National Chung Cheng
University, Taiwan ~ (2) Institute of Earth Sciences, Academic Academia
Sinica, Taiwan ~ (3) Department of Earth Sciences, National Center
University, Taiwan

Abstract

The wedge deformation theories have been applied to interpret the
mechanism of small-scale orogen such as Taiwan orogen. Although previous
theories capture the first-order behaviors but difficult to reconcile to the complex
natural processes. Here we develop a new D-layer thermomechanical wedge
deformation theory with three main parameters, brittle-to-ductile transitions from
shallow to the deeper crust, erosion/sedimentation depending on hillslope and
lithology, and geometry of the wedge. A numerical model based on the new theory
can closely reproduce the complex geological structures, thermochronology ages,
metamorphic temperature, cooling and exhumation rate, and strain conditions of
the northern Taiwan orogenic belt. The new theory shows that ductile deformation
consumes nearly half of the shortening and explains the mechanism of the out-of-
sequence fault and center Range fault in Taiwan’s orogenic belt.

10
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Numerical modelling of crustal temperature evolution in extensional basins from rifting to
passive continental margin.
migys 3k EE
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The exhumation history of the middle Hsuehshan Range, Taiwan,
as revealed by zircon thermochronological modeling

Chase J. Shyu!, Eh Tan?, Linda A. Kirstein®, Finlay M. Stuart*, and Yue-Gau Chen>°

!Taiwan International Graduate Program (TIGP) - Earth System Science Program, Academia
Sinica and National Central University, Academia Sinica, Taiwan.

’Institute of Earth Sciences, Academia Sinica, Taiwan.
3School of GeoSciences, University of Edinburgh, EH9 3FE, UK.
4Scottish Universities Environmental Research Centre, G75 0QF, UK.
SResearch Center for Environmental Changes, Academia Sinica, Taiwan.

®Department of Geosciences, National Taiwan University, Taiwan.
Abstract

The Taiwan orogenic belt has high precipitation and high exhumation rates (3-6 km/Myr),
making it a natural laboratory for understanding how erosion, tectonics, and climate interact.
Understanding how rock exhumation rates have evolved since the late Miocene is key to
unraveling climate—tectonic interactions. In this study, we present 8 new zircon fission track
(ZFT) and (U-Th)/He (ZHe) cooling ages (including 2 unreset ages) from 5 samples from
elevations of 1,700 to over 3,300 m around the highly incised Dajia River in the middle
Hsuehshan Range (mid-HR) in central Taiwan. Two of the ZFT and ZHe ages (5.3 Ma and 2.6
Ma) are the oldest ages recorded in this region. These ages suggest that the cooling rate of mid-
HR is lower than that of the Backbone Range and Yushan. With these and previously published
cooling ages, we modeled the exhumation and cooling history using a 2-D thermal diffusion
equation with time-varying erosion. The ZFT and ZHe ages are best explained by a steadily
increasing exhumation rate up to 3.4+0.5/-0.3 km/Myr from 6.5 to 1 Ma. The exhumation rate
in the last million years is not as well constrained but appears to have increased at a slower rate.
Our findings suggest that mid-HR has undergone a steady collisional process that differ from
the rapid increase of exhumation in the last 1-2 Myr proposed in previous studies. We propose
that the topographic relief of the mid-HR has steadily increased since the onset of the collision,
followed by the near present-day topography in the last 1 Myr. The mid-HR reached its
topographic steady state through a steady increase in the exhumation rate, suggesting that mid-
HR has undergone a progressive thickening of the crust and that tectonics is the primary driver
of mountain building in this region.

Keywords: Hsuehshan Range, Numerical model, Zircon Thermochronology
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Diverse and decoupled origins of gases from mud volcanoes and temporal variability of methane
sources in Taiwan: Evidence based on paired methane isotopologues and multi-isotope
systematics
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Variations in microbial utilization of organic
compounds across a tectonic transition in the South
China Sea

En-Ju Lin' » Tzu-Hsuan Tu' ~ Jhen-Nien Chen? ~ Pei-Ling Wang? ~ Li-
Hung Lin?
(1) Department of Oceanography, National Sun Yat-sen University ~ (2)
Department of Geoscience, National Taiwan University ~ (3) Institute of
Oceanography, National Taiwan University

Abstract

Methane hydrates are widely distributed in the South China Sea (SCS) and the
tectonic transition in this area may affect the origin of methane in marine sediments.
Because the communities in passive (FR) and active (FWCR) were shifted and diversified
during burial processes, we hypothesized that microbial differentiation in marine
sediments from FWCR and FR would impact organic matter utilization and the origin of
methane. We conducted incubations with '3C-labelled methanol, methylamine, acetate,
and glucose with slurries from three depth intervals (5, 50, and 120 mbsf) sampled from
both sites to reveal connections between community structures and potential metabolic
pathways. We found that methyl-based methanogenesis occurred only in incubations from
5 mbsf in FR, which had an increased proportion of Methanococcoides spp. In contrast,
newly produced methane was not detected in other incubations, and we inferred that
fermentation was the primary process consuming methyl compounds due to the
accumulation of ’CO,. Methyl compounds were also assimilated and accumulated in
microbial biomass at rates ranging from 7.9 x 107 to 2.1 x 102 mg C/day and 2.9 x 10
to 3.3 x 10* mg C/day in incubations from FR and FWCR, respectively. In acetate and
glucose incubations, heterotrophs were the dominantly enriched groups at both sites and
depths. Our results demonstrate that variable microbial communities between tectonic
settings affect degradation rates and metabolic pathways of organic matter in marine
sediments. In situ methanogenesis is a source of methane in the passive margin, while the
active margin may rely on thermogenic methane from the deep reservoir.
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Two-stage oxidation of petrogenic organic carbon in a
rapidly exhumed mountainous river catchment

Wan-Yin Lien!, Li-Hung Lin!, Pei-Ling Wang?, and Chih-Tung Chen?
(1) Department of Geosciences, National Taiwan University ~ (2) Institute
of Oceanography, National Taiwan University ~ (3) Department of Earth
Sciences, National Central University

Abstract

Petrogenic organic carbon (OCpewro) has conventionally been regarded as a non-
degradable entity, and therefore excluded from the carbon cycle. The perception might be
even more widely accepted for an active orogen where rapid uplift facilitates the efficient
burial of OCpero in the depocenter. In this study, we aimed to test this perception by
examining the maturity and geochemical characteristics of OCpewo from various
compartments in Beinan catchment and its downstream submarine canyon. The degrees
of graphitization of OCpetro in weathered materials were lower than those in parent rocks,
with more disordered (low crystallinity) OCpetro coupled with higher radiocarbon activities
(younger); whereas the maturities of river sediments were within the range of parent rocks.
For marine sediments, the abundance of highly graphitized OC,eo increased with travel
distance from the estuary. The Raman results combined with compositional data of
organic matters suggest that OCpero may have experienced two-stage oxidation. The first
stage involves the production of disordered OCpetro through in-situ alteration, potentially
aided by the so-called priming effect. Once eroded into the river channel, the mixture of
disordered and highly graphitized OCpeto appears to be barely affected by fluvial
processes, but experiences preferential oxidation during marine transit. Based on OC
contents and radiocarbon activities, the OCpetro-derived CO2 emission flux is estimated to
range around 30-60 tC/km?yr, which surpasses the fluxes for Amazon River (~0.18
tC/km?-yr) and Mackenzie River (<1 tC/km?-yr) by at least one order of magnitude.
Overall, the rapid transformation and selective oxidation of OCpewo along the short
hillslope-river-submarine routing enables enormous CO: emissions, highlighting the
importance of integral investigation into detailed OCpetro 0xidation from source to sink in
small mountainous catchments in tectonically active context.
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Carbon budget, transformation, transportation in the Beinan river system,
eastern Taiwan
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How does the rapid deformation of the mudstone area in southwestern
Taiwan affect the major national infrastructures? What are our adaptive

strategies?
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Scenario ground motion and coseismic displacements inferred

from interseismic velocity fields: case study in SW Taiwan

Shih-Han Hsiao', Kuo-En Ching'", Wu-Lung Chang?, Yi-Jui Lee?, Yin-Tung Yen®, Chun-Te
Chen’®
(1) Department of Geomatics, National Cheng Kung University (2) Department of Earth Science, National

Central University (3) Sinotech Engineering Consultants, Inc., Taiwan

*jingkuen@mail.ncku.edu.tw

Abstract

The earthquake potential and hazard maps of seismogenic faults could be estimated
through the interseismic velocity fields derived from geodetic data. However, the geodetic
surface deformation may be dominated not only by the seimogenic faults but also by other
sources. So, (1) whether the deformation is mainly caused by seismogenic faults? (2) How
to evaluate the contribution from other factors? (3) Whether the seismic hazard assessment
could be improved by geodetic data? To clarify these problems, 151 continuous GNSS
stations, 289 campaign-mode GNSS stations and 7 precise leveling routes in SW Taiwan
maintained by the Central Geological Survey of Taiwan are collected. The GNSS data
were processed by GipsyX and the horizontal and vertical velocity fields from 2002 to
2021 are estimated through coordinate time series analysis. In SW Taiwan, the patterns of
horizontal and vertical velocities cannot be explained by the fault dislocation model. It
implies that there should be other structures to affect the surface deformation here besides
active faults. Consequently, an opening-mode dislocation is also involved in the 2D fault
dislocation model for modeling the velocity profiles. The optimize locations of opening-
mode dislocations generally match the anticlines in SW Taiwan, which imply the growth
of mud diapirs. Then, the optimal fault geometry parameters derived from 2D fault model
are adopted in 3D fault model, Baseline Inversion, to calculate the distribution of slip
deficit rates on the seismogenic faults. The distribution of slip deficit rates represents the
coupled fault patches (asperities) where the energy accumulated on during the interseismic
period. Therefore, the update of scenario ground motions in SW Taiwan can be predicted
by GMPEs with the asperities derived from our 3D fault model. Furthermore, the scenario
coseismic displacements is also estimated by using the 3D dislocation model to provide
more information of the seismic hazard in SW Taiwan.
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Combining Dense Seismic Array and Short-Period Data to
Imaging the Body Wave Velocity Structure in the Highly
Fractured Western Foothills of Southwestern Taiwan

Strong Wen', Ying-Nien Chen!, Chun-Fu Liao', Yi-Ying Wen', Wei-Hau Wang', Yu-
Lien Yeh', Yu-Chih Huangz, Yi Zen Changz,

1. Department of Earth and Environmental Sciences,, National Chung Cheng University; 168,
University Rd., Min-Hsiung, Chia-Yi 62102, Taiwan

2. National Center for Research on Earthquake Engineering, 200, Sec. 3, HsinHai Rd., Taipei
10668, taiwan

Abstract

Influenced by geographical environment and topographical characteristics,
southwestern Taiwan has suffered from the impact of two major plates over the years,
and has been constantly threatened by earthquake disasters. Historical strong
earthquakes in this area often cause serious damage. In particular, the region is mostly
soft alluvial plains. Economic construction and dense population make the area have a
high potential for earthquake hazards. Therefore, it is necessary and important to
understand the seismogenic structures in southwestern Taiwan. Due to the insufficient
observation density of current seismic network, non-volcanic tremors along faults are
difficult to be detected by remote stations, and the shallow velocity structure is weakly
constrained. As a result, the uncertainty of earthquake location is large, and the
geometry of faults cannot be determined, especially in the Western Foothills zone.
Without a dense seismic array, traditional methods are difficult to reconstruct the real
3D velocity structure. Therefore, this study carried out precise microseismic surveys on
important active faults in southwestern Taiwan and their surrounding areas. In
southwestern Taiwan, most faulting occurs in the upper crust at a depth of about 5 to 15
km. Collectively, they form a complex structural junction and reflect subsurface
heterogeneities that must alter the dominant stress field to generate local structural
irregularities. Therefore, this study will analyze the microseismic source distribution
and tomographic imaging from the dense seismic network, explore the seismogenic
models of multiple active structures in southwestern Taiwan and adjacent areas, and
provide a complete outline of the seismogenic structures around the fault. The results
obtained in this study can also be used as the basic data for seismic hazard assessment
to explore the crustal deformation and seismic tectonic features of the southwest
orogenic belt front.
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Multi-mode surface wave tomography using array interferometry: a
case study in SW Taiwan

Ying-Nien Chen', Chun-Fu Liao', Strong Wen', Huey-Chu Huang', Wei-Hau
Wang' and Yu-Chih Huang

(1) Department of Earth and Environmental Sciences, National Chung Cheng
University

(2) National Center for Research on Earthquake Engineering

Abstract

In the past decade, retrieving empirical Green functions (EGF) between stations by cross-
correlating ambient seismic field has become a well-developed technique for its
operational simplicity and various advantages over traditional surface wave tomography.
Recently, improving the resolution of passive imaging from massive deployments of
cheap and easy-to-install geophone nodes has been a popular strategy. However, we notice
that standard ambient noise tomography can get computationally intensive for large-N
seismic arrays. In addition, the long-period phase velocity measurement is sensitive to the
distribution of noise sources and is limited by three-wavelength criteria. Thus, this could
be an important issue for noise tomography in a small aperture array. In this study, we
invent a beamforming-based approach to evaluating the travel time fields for the detected
surface waves traveling across a geophone-based array in SW Taiwan. The resulting
beamforming also provides strong evidence for the complexity of wave propagation in
Taiwan. Based on the Eikonal equation, we derive multi-mode surface wave phase
velocity maps from the gradient of these travel time fields.
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Bouguer gravity anomalies and the three-dimensional density structure of a thick
mudstone area: A case study of southwestern Taiwan

Abstract

Gravity surveying is one of the best methods to deduce the subsurface structures in
areas covered by thick mudstone in southwestern Taiwan where seismic data analysis
is limited. We obtained regional and residual gravity anomalies from the Bouguer
anomaly map using the wavelength filtering method to image the gravitational effects
of subsurface sources at different depths. The distribution of the residual gravity
anomalies corresponds well with the locations of faults and anticlines. Through the
change of residual gravity anomalies due to sources at different depth, we estimated the
inclination and extension of the anomalous bodies at different depths. Then, the three-
dimensional density structure was inferred from inversion of the gravity data to reveal
the distribution of mud diapirs and changes of depth to the basement. The positive
residual gravity anomalies of approximately 1-2 mGal indicate that the material density
of the diapirs is 0.1-0.2 g/cm? higher than the surrounding rock. The origin of positive
residual gravity anomalies can be roughly divided into three types corresponding to the
possible subsurface structures. The depth of the positive gravity anomaly below the
major anticlines is approximately 4-5 km, corresponding to the bottom of the mudstone
formation, from which the mud diapirs may originate. The residual gravity anomaly
pattern also indicates a connection of the Chegualin and Youchang faults and the nearly
vertical Zuochen fault above 10 km depth. Finally, the low gravity in the Pingtung Plain
results from the high-density contrasts on both sides of the two major faults and the
deepening of the basement in the plain. The high-angle Chauchou fault, one of two
major faults, was also identified at shallow depths based on analysis of the gravity data.
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Holocene kinematics and geometry of a reverse strike-slip fault
revealed by geomorphology and near-surface observations at the
Gunshuiping mud volcano site, southwestern Taiwan

Ngoc-Thao Nguyen' + Maryline Le Beon'? + Neng-Wei Huang® + Chuan Ding*
Kuo-En Ching’

(1) Graduate Institute of Applied Geology, National Central University ~ (2) E-
DREAM Research Center, National Central University * (3) Department of
Earth Sciences, National Central University ~ (4) SINO Geotechnology,
SINO Geotechnology, INC ~ (5) Department of Geomatics, National Cheng
Kung University

Abstract

In southwestern Taiwan, geodetic data suggest the existence of a southwest striking right-
lateral fault in the Holocene Coastal Plain. This inferred fault is highlighted by a topographic
scarp and the presence of the Gunshuiping mud volcano. The mud volcano displays a dome-
shaped topography, 1-km in diameter, cut and offset by the inferred fault. This leads us to
investigate the Holocene kinematics and geometry of this inferred fault for the purpose of
seismic hazard assessment. We constrain the deformation of buried Holocene strata using 19
shallow boreholes, *C dating, U-Th dating and Resistivity Image Profiling data for
stratigraphic correlation across and along the inferred fault. The fault-perpendicular cross-
sections show that the bedrock unit and Holocene strata have been uplifting on the southeast
block along a fault dipping 70°SE. The cores allow to identify a distinctive sandy layer, dated
4.7 ka and that appears sub-horizontally in fault-parallel sections, in contrast to the dome-
shaped topography. The cores close to the mud volcano mouths show mud dikes in this 4.7 ka
layer and several mud flows within the overlying layer, which base was dated 4.1 ka. This
implies that the dome-shaped topography results from accumulated mud flows at the surface
that migrated through fractures caused by fault activity and/or fluid overpressure. In parallel,
we use the morphology of the mud volcano to estimate the right-lateral offset accumulated
since 4.1 ka or less. We estimated a minimum horizontal fault slip rate of 13.2 £ 1.6 mm/yr
since 4.1 ka, which is compatible with the horizontal gradient of 15 mm/yr from GPS during
2015-2018. Using the vertical offset of distinct layers across the fault leads to a vertical fault
slip rate of 4.2 + 1.8 mm/yr since 10 ka. While GPS observations suggest that the fault is at

34



H 7 [ o] 3R 47 2 B o 3 OB b B R 1 1 24 B T T & M3-0-31
M3 — Active structures in Southwg§tern‘Taiwan gndgTheir Socio—Economic Impact
BV R G T A R

least partially creeping, the presence of Holocene growth strata at our study area raises the

possibility that earthquakes occurred during the Holocene.

Keywords: Active tectonics, fault slip rates, mud volcanoes, Gutingkeng formation,

Holocene
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Structural analysis in the actively deforming Erhjen River
Basin, southwestern Taiwan

Hassan Aleem'. Maryline Le Beon'=.

(1)Graduate Institute of Applied Geology, National Central University
(2)Earthquake Disaster & Risk Evaluation and Management Research Center (E-
DREaM), NCU

Abstract

The Erhjen River Basin is an actively deforming basin located in southwestern
Taiwan. It is occupied by late Miocene to early Pleistocene Gutingkeng Mudstone (Gtk)
which is >4000m thick. Major faults located in the Erhjen River Basin include the
reverse Lungchuan Fault, Gutingkeng Fault and Hsiaokangshan Fault, which all dip to
the east. Geophysical data in the coastal plain reveals folded structures including the
Chungchou Anticline. Based on geodetic data, the midstream of the Erhjen River Basin
is absorbing compression at a rate of ~30 mm/yr. InSAR, levelling data and Holocene
incision rates also indicate a significant uplift. However, it is noteworthy that the high
deformation is clustered in the footwall side of the CPC mapped Gutingkeng Fault.
Therefore, we aim to investigate this zone of high deformation to understand the
structures responsible for the high uplift. Firstly, we drew a geological cross-section
using kink method and the concept of shear folding. The data utilized includes four
deep boreholes, seismic data, bedding dip and strike and gravity data. Using nannofossil
data from this study and previous works, we classified the Gutingkeng Mudstone into
three units, the Miocene Gtk, Pliocene Gtk and Pleistocene Gtk. We show that the
Mucha Fault, Lungchuan Fault and Gutingkeng Fault lie on a 3-5 km deep detachment.
Also, the depth to detachment under the coastal plain would be deeper compared to the
detachment under the foothills. Secondly, we conducted a field survey in the highly
deforming footwall of the CPC mapped Gutingkeng Fault. We observed a major shear
zone oriented 080°/51S° with at least 10s of meters of displacement across it, and we
identified it as a reverse fault. We propose that this might be the Gutingkeng Fault or a
fault branching from it. In the future, we will conduct more field surveys to better
account for the footwall uplift. We will also assess how shale tectonics might be

influencing the patterns of deformation in the basin.

Keywords: Cross-section, nannostratigraphy, deformed footwall, shear zone
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Fluvial seismology in field experiments: application and challenge
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Abstract

Seismic physical models have been proposed to study mechanisms of the debris flow
and the river processes, which filled the gap of quantitative observations in practical
limitations of direct measurements. However, a lack of direct observations such as the
bedload flux in field application cause a challenge for the validation of seismic
physical models. In the practical application of sediment impact model, the grain size
distribution of mobile particle in riverbed, the impact kinematics (elasticity and
velocity) and particle dynamics assumed in models are crucial for achieving high
accuracy in bedload inversion. On-site seismic parameters such as the shear-wave
velocity (Vs) and the seismic quality factor (Q) are also required to reduce the
uncertainty in model prediction. Landao Creek, Huisun Forest is selected as our
experimental area. The channel reach considered is 100 m long with a mean slope
angle of 6°, and with a gravel bed 20 m width. A total of three geophone arrays were
deployed on the riverside, which are parallel and perpendicular to the river channel.
Directly measured parameters included the water depth, the channel geometry, the
bedload rate (from the bedload slot sampler), camera video during floods. We also
conducted a series of Wolman counts (particles sampled every 1m, along a transect)
and image-based pebble scan to investigate the grain size distribution of the riverbed
surface. An active seismic experiment was adopted to characterize the properties of
seismic wave attenuation and propagation. After the several flood experiments were
conducted under the artificial controlled supply of water and sediment particle tracer,
the aforementioned physical models could be validated. We demonstrated that the
indirect measurements using seismic technique might be readily used to quantify river

dynamics in both space and time.

Keywords: seismic physical model, Landao Creek, geophone array, bedload flux
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Long-period seismic normal modes of the Taipei basin

SNEE Yi-Hsuan Wul, F1[{Z& 7R Jun-Jie Ke?, Z2HHEg Ming-Han Li?%, #53= Benjamin F.
Chao?

1. Institute of Earth Sciences, Academia Sinica
2. Department of Geosciences, National Taiwan University

Abstract

The thick alluvium and geomorphics of the Taipei basin trap the ingoing seismic wave and
allow resonances in the basin, where the ingoing wave plus the reflected waves at the basin
boundaries forms standing waves. Each standing wave corresponds to a normal mode with
characteristic frequency (i.e., eigenfrequency) and oscillation pattern (i.e., eigenfuction). The
general motion of a system is a superposition of its excited normal modes.

To identify the normal mode, we examined the seismic data of the Formosa Array, a dense
broadband seismic network in northern Taiwan. We calculated the product power spectra (PPS)
of 13 Formosa Array stations located in the basin area for the month of December 2019 to detect
the eigenfrequencies; we found several power peaks at the long periods 20-80s in addition to
those occurred at short periods 0.2-0.5s (2-5Hz), 2-5s (0.2-0.5Hz), and 5-7s (0.2-0.14Hz). The
comparison of PPS between day time and night time suggested that the signals of periods 0.2-
0.5s correlate with human activities and those of 2-5s and 5-7s may be contributed by persistent
oceanic or atmospheric perturbations.

In this study, we focused on the modes with long periods. We applied the Frequency Domain
Decomposition (FDD) technique to obtain explicit eigenfrequencies and took these
eigenfrequencies as reference of filter band so that the Empirical Orthogonal Function (EOF)
analysis can be implemented to solve the oscillation pattern. Furthermore, we mapped the
standard deviation of the velocity according to the period bands identified by the PPS and the
results show significant correlation between the ocean wave and the basin for the periods 2-4s.
Combining the maps of the standard deviation of velocity and the EOF maps, we may look into
the sources with the long periods and the motions of the normal modes excited by these sources.

Keywords:Normal mode, Formosa Array, Taipei basin, Site effect, Empirical Orthogonal Function
analysis, Frequency Domain Decomposition
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High resolution ¥p and Vs imaging for geothermal
exploration in the Ilan Plain, northeastern Taiwan by joint
inversion of body- and surface-wave data

Po-Li Su, Hsin-Hua Huang, Cheng-Horng Lin, and Jian-Cheng Lee
Institute of Earth Sciences, Academia Sinica

Abstract

The Ilan Plain in northeastern Taiwan shows distributed hot springs with high
geothermal gradient in various locations, including the Chingshui, Jiaoxi, Longde-Lize
and Hongchailin areas. These sites hold potential for geothermal exploitation and require
a thorough investigation to understand their geothermal system. In this study, the
seismic velocity images of the Ilan Plain were acquired through the joint inversion of
body wave travel times from local earthquakes and Rayleigh wave phase velocities from
ambient noise correlations with the 2014 Ilan Texan Array and the Formosa Array. The
joint inversion which benefits from the mutual sensitivities of the two data types allows
for improved constraints on both shallow and deep structures. In addition, we lift the flat
earth surface assumption in the surface wave tomography to avoid possible bias by
adapting the surface wave sensitivity kernel to the surface topography. The obtained
image at 1-km depth shows low Vp and Vs corresponding to unconsolidated Quaternary
sediments toward the coast. The deeper images at 2- to 5-km depths reveal a low-
velocity corridor extending from the Guishan volcanic island northeastern offshore to
the southwest corner of the Ilan Plain, implying that the heat source of the geothermal
systems may be related to the back-arc spreading in the Okinawa Trough. Locally, we
find high Vp/Vs ratios in the shallow region of the Chingshui and Jiaoxi areas and the
deeper region of the Hongchailin and Longde-Lize areas, indicating a saturated rock
with high porosity. An anomaly of low Vp, Vs, and Vp/Vs ratios in the shallow region of
the Hongchailin area might signify a vapor-rich high temperature environment. Our
results demonstrate the potential of new seismic imaging integrating body- and surface-
wave data for geothermal exploration.
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Multi-Mode Rayleigh Wave Phase Velocity Inversion
of Ambient Noise Tomography across Central Taiwan

Cheng-Nan Liu! ~ Fan-Chi Lin' ~ Hsin-Hua Huang**, Yu Wang’
(1) Department of Geology and Geophysics, University of Utah. ~ (2) Institute of
Earth Sciences, Academia Sinica, Taipei 11529, Taiwan, ~ (3) Department of
Geosciences, National Taiwan University, Taipei 10617, Taiwan Taiwan

Abstract

Taiwan located at the convergence margin of the Eurasian Plate and Philippine Sea
Plate is one of the most active orogenic belts worldwide. The vigorous tectonic activities
lead to several destructive events on the island. The most devastating inland event
occurred on September 21, 1999, the Mw7.7 Chi-Chi earthquake shattered the central
Taiwan, which nearly 2000 people were killed. To better understand local geologic
structures and regional tectonics for post-seismic evaluation and future hazard mitigation
assessment, we perform the ambient noise double beamforming tomography technique
on an east-west linear dense seismic array, which cut through the major fault zone from
Chi-Chi earthquake and was deployed across central Taiwan as part of the TAIGER
project. We use three months of continuous seismic records to calculate vertical-vertical
cross-correlations where both fundamental mode and higher mode Rayleigh waves can
be clearly observed. We then use double beamforming to determine local phase
velocities between 2 and 5 s periods at each beam center location. For each location, we
jointly invert fundamental and higher mode phase velocities at each beam center for a
1D shear wave velocity model with a Bayesian-based inversion method. All piecewise
continuous 1D models are then used to construct the final 2-D model from surface to ~6
km depth. Our 2-D model reveals structures that are overall consistent with known
surface geological features at higher resolution. Near the surface, the model delineates
the low-velocity Coastal Plain and the adjacent fast-velocity mountainous areas, with
clearer basin geometry consistent with the results of previous geophysical exploration
and geological studies. The model also provides new geometrical constraints on major
active faults and depth to the basement, which are important to the understanding of
orogeny dynamics and regional seismic hazards.
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Station Performance of the SALUTE Array and Ambient Noise Characteristics in Southern

Taiwan
Ramakrushna Reddy', Shu-Huei Hung', Yi-Ni Chen!, SALUTE Team
1. Department of Geosciences, National Taiwan University

SALUTE (Southern Array for the Lithosphere and Uplift of Taiwan Experiment) mainly consists
the east-west and north-south transects with a total of 30 closely-spaced broadband stations
deployed in southern Taiwan for comprehensively exploring the structure and dynamics of the
crust-mantle system at a subduction-collision transition zone. In this study, we evaluate the
SALUTE station performance and data quality by carrying out a probabilistic power spectral
density (PPSD) analysis. For almost all the stations, the background noise level falls between the
new high and low noise models except for TRO1 and TRO2 located at the western end of the E-W
transect whose noise level increases by 10 decibels in the period < 1 s. Spatiotemporal
characteristics of ambient noise generated by ocean waves and anthropogenic activities are further
investigated by the time-varying PPSDs. At higher frequencies > 1 Hz, the two dominant peaks
are observed at around 3 Hz and 14 Hz, most likely induced by traffic noise as evidenced by the
semidiurnal and weekly fluctuation and the decrease of the noise from the populated coastal areas
toward the uninhabited mountain range (TR09-TR11). The average power of ocean microseism
varies between stations, decreasing from west to east. It also reveals the seasonal change to be
stronger during winter and weaker during summer. The dominant period observed in the secondary
microseism (SM) band is 3.6 s at all the stations across southern Taiwan. The eigen-decomposition
of the spectral covariance matrices calculated from the three-component seismic records at each
station is employed to characterize the directional distribution of noise sources being primarily
predominated in the shallow waters of the Taiwan Strait. Our results offer valuable perspectives
on the mechanisms and origins of ambient noise in southern Taiwan, as well as useful guidance
for location and installation of seismic stations to minimize its impact on earthquake-generated

signals.

Keywords: microseism, ocean waves, traffic noise, SALUTE array, Southern Taiwan
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Investigating the spatiotemporal properties of the first
higher-mode ambient noise Rayleigh wave in Taiwan

Chun-Fu Liao! ~ Ying-Nien Chen'
(1) Department of Earth and Environmental Sciences, National Chung
Cheng University

Abstract

Owing to the everlasting energy exchange between ocean waves and solid earth,
microseisms are the dominant signals in seismic records. The consensus is that the
fundamental mode surface waves are the most predominant oscillations in microseisms.
With array interferometry, numerous studies had reported that body waves and higher-
mode surface waves could be generated efficiently under particular weather conditions
and geological structures. Over the past decade, the noise study in Taiwan mainly focuses
on structure-related research from fundamental mode surface waves. So far, details
regarding to higher-mode ambient noise surface waves have never been explored.

This study aims at investigating the spatiotemporal properties of the 1 higher-mode
ambient noise Rayleigh wave around Taiwan. Utilizing multicomponent interferometry,
we show that the 1% higher-mode and fundamental mode Rayleigh waves could coexist in
the frequency band of the short-period secondary microseisms. Based on the
spatiotemporal analysis of the interferogram, the amplitude variations of the 1% higher-
mode and fundamental mode ambient noise Rayleigh waves are highly correlated with the
monsoon system and shallow water environments. Moreover, the amplitude ratio of the
1** higher-mode and fundamental mode Rayleigh waves is closely related to geological
structures along the station pair.
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3D coseismic surface deformation of the 2022 Chihshang
earthquake sequence from joint inversion of Sentinel-1&2

images

Yu-Ting Kuo'? ~ Chih-Heng Lu® ~ Shao-Yi Huang* + Yi-Chun Hsu® + Hsin Tung*
I-Chin Yen® ~ Jiun-Yee Yen’ » Chung-Pai Chang’

(1) Department of the Earth and Environmental Sciences, National Chung-Cheng
University ~ (2) Southern Taiwan Earthquake Center, National Chung-Cheng University * (3)
Research Center for Environmental Changes, Academia Sinica - (4) Institute of Earth
Sciences, Academia Sinica ~ (5) Center for Space and Remote Sensing Research, National
Central University ~ (6) YIC Geological Office ~ (7) Department of Natural Resources and

Environmental Studies, National Donghua University

Abstract

The Longitudinal Valley in eastern Taiwan is the oblique collision boundary
between the Eurasian Plate and the Philippine Sea Plate, and is one of the most
seismically active regions in the world. The earthquakes of Mw6.5 on September 17,
2022 and Mw6.9 on September 18, 2022 caused severe damage in the central-southern
part of the valley and produced surface ruptures. Surface deformation is an important
reference for clarifying the seismogenic behavior and characteristics of this earthquake
sequence. We calculated the pixel offsets from ascending and descending radar images
(Sentinel-1) and the horizontal displacements from optical images (Sentinel-2), and
solved them jointly by resampling to obtain a three-dimensional displacement field.
The results show the location of surface ruptures and also provide the distribution of
the displacement field. In addition, the distribution of vertical displacement that was
previously difficult to calculate can also be displayed. Based on the results, a significant
variation in displacement is resolved in the north-south direction, which corresponds to
the observed surface ruptures in the field. The vertical displacement field also shows a
significant vertical uplift of more than 0.5 m in the north. The surface ruptures and
deformations of this earthquake sequence show evidence of offsets in multiple fault
lines, which cannot be solely attributed to single fault activity, and implies that

earthquake hazard in the Longitudinal Valley needs to be cautiously re-evaluated.
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Coseismic displacement determined by GPS and precise leveling on 17 and 18
September 2022, M, 6.6 and M, 6.8 Guanshan and Chihshang earthquakes, Taiwan

Hsin Tung!, Horng-Yue Chen?, Yu Wang?, Jian-Cheng Lee?, Ya-Ju Hsu?

lnstitute of Earth Sciences, Academia Sinica

2Department of Geosciences National Taiwan University

Abstract

To precisely determine the coseismic displacement caused by the Guanshan-
Chihshang earthquake sequence occurred on 17 and 18 September 2022 in eastern
Taiwan. We collected three types of GPS measurements, which are continuously
recording reference GPS stations (CORS), single-frequency GPS CORS (SCORS), and
campaign-mode GPS stations (CMGS) to acquire the coseismic displacement of two
earthquakes. Additional two precise leveling routes located in Yuli and Fuli areas to
estimate precise vertical displacements. According to the coseismic displacement
revealed by CORS 1 Hz high-frequency data, that the main deformation occurred in the
south of Chihshang during the Guanshan earthquake. The largest horizontal
displacement occurred at the ERPN station of about 15 cm. Less than 17 hours later,
the Chihshang earthquake occurred, causing the Central Range Fault, to the west of or
juxtaposing the Longitudinal Valley Fault (LVF), to rupture. The Central Range was
coseismically moving southwestward, with a maximum horizontal displacement in Yuli
area of about 80 cm. The Coastal Range moved to the northwest showing the
maximum horizontal displacement of 60 cm in Fuli area. For the vertical component,
the Central Range moves upward and the Coast Range subsides. The maximum uplift
is 100 cm in Yuli, and the maximum subsidence is 30 cm in Fuli. Coseismic displacement
determination from SCORS and benchmarks of CMGS for two earthquakes provided
the similarity movement behaviors as CORS, showing most of the stations in the
Coastal Range moved to the northwestern direction with the subsidence behavior and
the stations located in the Longitudinal Valley and the Central Range migrated to the
southwestern direction, sub-parallel to the Central Range fault with uplift pattern from
the south of the Wuhe tableland to Guanshan area. Meanwhile, the precise leveling
measurement in Yuli-Changbin route indicated a meter level elevation change

happened from the Charnliang to Loho area.

Keywords: 2022 Chihshang earthquake sequence, Coseismic displacement, Central
Range, Longitudinal Valley fault, Coastal Range, GPS, precise leveling
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Coseismic ruptures of the 20220918 Mw
6.9 Hualien-Taitung earthquake in the
Songpu area of the Longitudinal Valley

of eastern Taiwan and paleo-earthquake

records, evidence from surface
mapping, electrical resistivity
tomography and trench excavations

Jiun-Yee Yen!, I-Chin Yen?, Nai-Wun Shih!, Shao-Yi Huang3, Yi-Chun Hsu?, Yueh-
Tuan Ko5 Wen-Yen Chang!

1 Department of Natural Resources and Environmental Studies, National Dong Hwa
University; 2 YIC Geological Service; 3 Institute of Earth Sciences, Academia Sinica;
4CSRSR, NCU; 5Yuetech Geological Office

Abstract
The recent 20220918 magnitude 6.9 (USGS) Hualien-Taitung earthquake was the largest to occur in
the Longitudinal Valley of eastern Taiwan in recent history, possibly only smaller than the 1951
Longitudinal Valley earthquake series. Although many previous researches have worked on various
aspects of the relationships between the Central Range, the Coastal Range, and the Longitudinal
Valley to propose the first-order regional tectonic frameworks that have been generally agreed upon,
the detailed behavior of the faults in the Valley and their possible connections to the seismogenic
and orogenic natures are still largely undetermined.

The rupture in the rice field of the Songpu area between Yuli and Rueisuei townships was
discovered immediately after the 0918 earthquake. Although the location is very close to the
Coastal Range, and the Chihshang fault (Coastal Range fault) reported by the Central Geological
Survey, rupture style is different from expected on the Coastal Range fault.

We conducted surface mapping, drone survey, electrical resistivity tomography survey to identify
the location and style of the rupture. We then performed two trench excavations in the study area to
dig into the paleoseimological record around this rupture. Our preliminary results suggest that the
studied area had several events in the last hundreds of years. Our field work and trenching results
are among the few paleoseismology field works conducted in the area, and are helpful for better
understanding of various fault systems in the Longitudinal Valley.
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Rock deformation apparatuses at NCU: Experimental
approaches to tectonic fault slip behaviours

Szu-Ting Kuo' ~ Li-Wei Kuo! ~ Thi Trinh Nguyen' + Ting-Yen Tai!
(1) Department of Earth Sciences, National Central University

Abstract

Over the past decade, a wide spectrum of tectonic fault slip behaviour has been
documented by seismological and geodetic observations. In addition to fast earthquakes,
the mechanisms for the slip modes, such as slow-slip events (SSEs) and low-frequency
earthquakes (LFEs), remain largely uncertain. Such an integrated perspective is critical
for evaluating the geological hazards posed by earthquakes. To better understand the
underlying mechanisms, we plan to characterize frictional properties of fault rocks at
various pressure, temperature, and slip rate conditions. The experimental approaches
involve two blocks of geological material sliding past each other using two apparatuses
at NCU: (1) the low-to-high velocity rotary shear friction apparatus (LHVR) and (2) the
GCTS Servo-Controlled Triaxial Rock Testing System.

The LHVR can produce artificial rapid earthquake slips (up to 1.3 m/s) and is
popular for high-speed friction experiments because electric motors can easily achieve
high speeds and the rotary configuration allows unlimited slip distances. However,
controlling and measuring the pore-fluid pressure at high speeds is extremely
challenging. We will modify the LHVR drainage system to make it compatible with a
highly sensitive servo-controlled hydraulic pump, so that abrupt changes in pore-fluid
pressure during experiments can be controlled.

The triaxial apparatus is ideal for obtaining frictional properties of fault rocks at
low speeds (between 10”7 and 0.005 m/s) and elevated pressure and temperature
conditions, in that the apparatus is configured with pressure vessels and jacketed pre-cut
samples. Later this year we will upgrade the triaxial apparatus with an electromechanical
pore-fluid pressure controller and heating system, which is capable of simulating the
conditions at 3 km depth.

To summarize, we seek to promote long-term interdisciplinary collaborations with
people who are interested not only in earthquake physics but also in geomechanics.

Keywords: Friction experiments, Rotary shear apparatus, Triaxial deformation
apparatus, Earthquake physics, Geomechanics
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Bridging the gap among microscopic techniques for microstructural observations of
minerals at various scales at NCKU
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Ko-Chun Huang, Wei-Teh Jiang
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Department of Earth Sciences, National Cheng Kung University
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Rapid determination of modal mineralogy in igneous rocks and mantle rocks by
bench-top micro-X-ray fluorescence spectrometry

Truong Tai Nguyenl,2, Kwan-Nang Pang1*, Wan-Ting Hsul, Yoshiyuki lizukal

1Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan
2Hanoi University of Mining and Geology, Hanoi, Vietnam

Modal mineralogy, also referred to as types and proportions of minerals in rocks,
has been determined conventionally by point counting under optical microscopes,
an exercise that is tedious and time-consuming. Recent advance in X-ray
fluorescence, in particular the focusing optics of the incident beam, offers an
opportunity to determine modal mineralogy in rocks rapidly by X-ray mapping.
Here, we describe an analytical routine of how that is achieved by a bench-top
micro-X-ray fluorescence spectrometer using polished thin sections prepared from
a peridotite, a basalt and a granite of known major element compositions. With a
programmable sample stage that can move in two directions horizontally, the
surface of the thin sections was scanned by a static X-ray tube within the
spectrometer. Based on basic mineralogical knowledge of the rocks, X-ray maps
of major and some minor elements were examined separately or in combination in
the spectrometer software to deduce modal mineralogy. Generally, the results are
well compared to mineral proportions calculated based on whole-rock major
element analysis. Also, we tested different combinations of pixel size and speed to
obtain optimal conditions in modal mineralogy determination without losing
accuracy. The time required to map a standard thin section in that way takes less
than one hour. This study demonstrates that modal mineralogy can be determined
with improved accuracy and efficiency using micro-X-ray fluorescence
spectrometry.

Keywords: micro-X-ray fluorescence; modal mineralogy; mapping; igneous rock;
mantle rock
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Recrystallization or cooling ages? The application of °Ar/*°Ar
geochronology of mica in Cenozoic Taiwan Yuli metamorphic

belt
Chi-Hsiu Pang', Meng-Wan Yeh? Jian-Cheng Lee?3
Department of Geosciences, National Taiwan University!,

Department of Earth Sciences, National Taiwan Normal University?

Institute of Earth Sciences, Academia Sinica

Muscovite can grow under a variety of metamorphic conditions and over variable
time scales, resulting in Muscovite populations and even individual grains that may
represent compositionally and isotopically heterogeneous systems. it's a critical issue to
clarify field structures, analyze microstructures, combine petrological temperature and
pressure, use dating methods, and constructed a four-dimensional (space plus time)
structural evolution history to solve complicated metamorphic history.

In Cenozoic Taiwan Yuli metamorphic belt, previous studies lack microstructure
evidence to know whether the Muscovite is in recrystallization or cooling ages (Lo and
Yui, 1996; Lo et al., 2020). In this study, we collected the sample from the garnet-epidote-
amphibolite schist in Mayuan river and the greenschist in the upper Chingshui river. In the
field, we focus on selecting the right rocks that might contain potassium minerals (mica or
K-feldspar). And back to the lab, we clarify the microstructure under the thin section and
SEM-EDS analysis. Under the thin section of the garnet-epidote-amphibolite schist, the
amphibole is the highest metamorphic degree and was replaced by epidote, muscovite, and
chlorite, which represents the low greenschist face cleavage. And under the thin section of
greenschist, the mineral assemblages in cleavage domain are muscovite and chlorite (1:1).
With a clear microstructure, we then followed the standard mineral separation procedure
to distinguish the muscovite. Finally, after cleaning with acetone and deionized water, the
sample will be sent to the atomic furnace for fast neutron irradiation, and analysis the
sample in Ar-Ar Lab in NTNU.

Our “°Ar/*°Ar dating ages and microstructure shows that due to the 450°C
closure temperature of Muscovite and under low greenschist metamorphic face, some
cleavage muscovite are recrystallized ages, and others are cooling ages.

Key words: “Ar/*’Ar dating, cooling age, recrystallization, muscovite, microstructure,

Taiwan, Yuli belt, garnet-epidote-amphibolite, greenschist, Mayuan river, Chingshui river
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Late Eocene Luzon Granitoid Complex:

Exposed tonalitic middle crust of the Paleo-Philippine Arc?

Karl D. Jabagat'?, Yuan-Hsi Lee!, Jillian Aira S. Gabo-Ratio®, Leo T. Armada®, Hao-Yang Lee®, Carla
B. Dimalanta?

! Department of Earth and Environmental Sciences, National Chung Cheng University, Taiwan
2 Rushurgent Working Group, National Institute of Geological Sciences, University of the Philippines
3Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan

The formation of TTGs in intra-oceanic arcs has been given emphasis due to its implications on the
inception and growth of island arcs and continental lithosphere. Several works on tonalitic intrusive units
in island arcs, mainly on the IBM region, propose contrasting petrogenetic models to form such plutonic
bodies. This work is the first one to highlight the presence of a late Eocene (Zircon U/Pb: 34-37 Ma) TTG
complex in Luzon, which is inferred to represent the tonalitic middle crust of the Cretaceous-Eocene Paleo-
Philippine arc. The Late Eocene Luzon granitoid complex (LGC) is composed of very silicic (SiO2: 65-
78%) intrusive rocks comprised mostly of tonalite and trondhjemite with minor quartz diorite and
granodiorite units. These batholithic bodies found in both the western and eastern highlands of Luzon are
very distinct from younger typical calc-alkaline to adakitic arc intrusive units (Late Oligocene-Pleistocene)
in the Luzon arc. Major oxide chemistry shows a general peraluminous composition and exhibits calc-
alkaline affinities. Chondrite-normalized trace element compositions show pronounced negative Eu
anomalies (Eu/Eu*: 0.2-0.8) accompanied by varying degrees of LREE enrichment. Discrimination
diagrams utilizing HFSE/LILE ratios and LREE/HREE ratios reflect a primitive- to typical-oceanic arc
environment. Furthermore, biotite mineral chemistry data from one intrusive sample, which also reflected
a peraluminous character, showed crustal derivation. Based on these new age dates and geochemical data,
we assume that these peraluminous granitoid are most likely formed from the anatectic melting of a

primitive arc crust during the Eocene due to an episode of asthenospheric upwelling.

Keywords: Middle crust, Island Arc, Luzon
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The Current Situations and Prospects of Geothermal Developments in the World
Sheng-Rong Song

Department of Geosciences, National Taiwan University
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Applicability of Na-K geothermometer in the

Chingshui-type geothermal field

0
EUR /MR R

Yi-Chia Lu' - Sheng-Rong Song? + Ya-Min Yang? + Ting-Jui Song” » Chyi

Wang?

(1) Graduate Institute of Applied Geology, National Central University * (2) Department
of Geosciences, National Taiwan University ~ (3)Fabulous Power Co. Limited, Taiwan

Abstract

While most geothermal fields around the world are located in volcanic

arcasS or

related to magma intrusion, the main geothermal fields in Taiwan are widely distributed

in argillite/slate formations, with the exception of the Datun Volcano. These fields,

including Chingshui, Tuchang-Jentse, Lushan, Jhiben, Jinfeng, and Baolai, are formed

from metamorphic shale and are fueled by the rapid uplift of the orogenic belt. The

fractured zones resulting from collision and compression provide excellent pathways for

deep-seated fluids to reach the surface through the hydrological cycle. These regions are

characterized by high concentrations of bicarbonate ions (up to 3000 mg/L)

and low

concentrations of chloride ions (less than 40 mg/L), with sodium ions being the

predominant cations. The Chingshui geothermal area, which boasts over 25 geothermal

wells covering a wide range of temperatures, has the highest temperature gradient and is

the only field with a commercial power plant. As such, we use the term "Chingshui-type"

to collectively refer to these hot springs located in slate formations.

In slate formations, the sodium-potassium geothermometer commonly used in

volcanic areas is not applicable due to the absence of K-feldspar, which is necessary to

achieve ion balance between sodium and potassium feldspar. However, we have found a

proportional relationship between the sodium-potassium ratio, the silica geothermometer,

and downhole temperature measurements in geothermal wells. We believe that

illite and

chlorite play a role in equilibrium with plagioclase in reducing environments. Therefore,

the sodium-potassium geothermometer is still applicable, and we have proposed a new

sodium-potassium geothermometer suitable for argillite/slate formations based on the

silica geothermometer and downhole temperature measurements.
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Rapidly climate-changing
Holocene sediment generations
and coastal environments of
southern Taiwan

1Jiun-Yee Yen, 2Neng-Ti Yu, 3Shyh-Jeng Chyi, 4Liang-Chi Wang, 3Lih-Der
Ho, 3Jia-Hong Chen, 5Cheng-Hao Lu, 6Yu-Chang Chang, 7Yu-Chun Lin,
7Yung-Sen Chen, 8[-Chin Yen
I Department of Natural Resources and Environmental Studies, National
Dong Hwa University; 2Center for General Education, National Tsin Hua
University; 3Department of Geography, NKNU; 4Department of Earth and
Environmental Sciences, NCCU; SDepartment of tourism and leisure, NPU;
6 Institute of Earth Sciences, Academia Sinica; 4CSRSR, NCU; 8YIC
Geological Service;

Abstract
Typhoon Morakot in 2009 brought a record amount of precipitation to southern Taiwan,
causing a large and widespread landslide in the mountainous area. Many previous
researches have worked on the processes and causes of landslides, especially the
devastating one in Hsiaolin village.

From the huge amount of sediment generated on the order of days during this typhoon
event, we can raise several questions: 1. Is Typhoon Morakot unique in terms of
precipitation and sediment production? 2. apart from the instantaneous sediment
transport during the event, does sediment cascade from the upper reaches down to the
coast? 3. are the previous two questions related?

The coastal plain is a relatively low area that can be exposed to the hazards of sea level
rise and land subsidence. Changes in the coastal environment will have a great impact on
society because of the high population density in this type of environment. Previous
researches have shown that our coastline has generally been moving towards the sea in
the last thousand years. However, there is a lack of evidence linking the sediment-
generating event to the coastline change. This is partly due to the lack of resolution in
the available literature.

In this research, we conducted several projects focusing on sediment generation in the
upper reach, changes in the coastal environment, and the link between them. We have
established some of the past extreme events in the upper reach area of Lao-Non River,
and established a long age control well near the mouth of Kaoping River, which shows
the sedimentary environment changed from braided river in pre-Holocene time, to
estuarine type of sedimentary environment, and later to barrier island and lagoon after
7.5 ka.
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Local Site Effect and Evidence of Fault Invasion in an
Active Mud-Diapir Region from Dense Microtremor
Measurements: A Case Study in Gunshuiping, Taiwan
Region

Jyun-Yan Huang', Che-Min Lin', Kuo-En Ching"? and Chun-Hsiang Kuo'?
(1) National Center for Research on Earthquake Engineering, Taiwan -
(2) Department of Geomatics, National Cheng Kung University,
Taiwan ~ (3)Department of Earth Sciences, National Central
University, Taiwan

Abstract

Long-term sustained geological disasters were frequently found inland within an
active mud-diapir region. Clear identification of spatial influence range of an active mud-
diapir was exceedingly difficult because its geophysical characteristics were similar with
surrounding thick mudstone layers, in particular, it was difficult to identify specific range
in a small-scaled evaluation within several hundred meters interval. The resolution scales
were usually in kilometer level or larger for most of geophysical or geological surveys such
as gravity anomalies or seismic exploration methods. We perform high dense microtremor
measurements with a smallest spatial interval of approximately 25 meters in a well-known
Gunshuiping mud volcano region, Taiwan. The resultant frequency dependent amplification
maps of horizontal to vertical spectral ratio of microtremor (MHVR) indicates a Northwest-
dipping oblique underground layer structures dominate site responses in this region and a
special rock-like (without a clear dominant frequency) feature unexpectedly appears and
concentrates in the middle of the region within a 400-meter range closest to the volcano vent
of mud-diapir. However, the focusing region of significant spectral differences in MHVR
does not show a substantial change in shallow shear-wave velocity (Vs) structures from
surrounding region resolved by microtremor array measurements (MAM). The fundamental
difference of physical causes between MHVR and MAM methods is that the former one
was focusing on resonance of underground structures induced by layers with high Vs
impedance, and the latter one was derived from surface wave dispersion. The main findings
of the rock-like spectral shape are caused by uplift intrusion motion of high-density and
high-pressured mud that filling underground cracks and reduce Vs impedance in a relatively
small zone but did not influence surface wave through entire layered features for a larger
range. The special distribution of mud-diapir resulted in a sudden change in MHVR but no
significant change in inverted Vs from MAM, and could be used as a convenient tool to
identify specific influence region within an active mud-diapir zone. Finally, an evidence of
fault invasion is found from a NE-SW striking linear feature by a joint consideration of
distribution map of the rock-like MHVRSs, contour maps of frequency dependent MHVR
and dense Vs structures, which might correspond to the Chekualin fault in Taiwan.
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Interseismic slip rate and fault geometry along the northwest
Himalaya

Yogendra Sharma!, Kuo-En Ching!, Sumanta Pasari?
(1) Department of Geomatics, National Cheng Kung University, Taiwan, (2) Department
of Mathematics, Birla Institute of Technology and Science, Pilani, India

Abstract

Geodetic networks enable us to investigate interseismic crustal deformation along
the northwest Himalaya. Using 94 GPS surface velocities in a Bayesian inversion
model, we estimate slip rate and fault geometry of the Main Himalayan Thrust
(MHT) along six arc-normal transects in the northwest Himalaya. The MHT is found
to be completely locked from the surface down to a depth of 6 km to 9 km. The
locking-to-creeping transition zone along the decollement extends from the edge of
the fully locked area to a deeper depth (13 km) to the tip of the creeping zone of the
MHT (19 km) with a slip rate of 1.6 mm/yr to 2.7 mm/yr. The deeper part of the
MHT is inferred to be creeping with an average slip rate of ~19.1 mm /yr along the
northwest Himalaya. Modeling results, such as locking depth and locking-to-
creeping transition zone show a good agreement with observed seismicity in the
study region. We compare single-fault modeling results with a splay-fault model
that enables distributed slip rate of the decollement at the locking-to-creeping
transition zone. The updated fault kinematics inevitably contribute to the
improvement of seismic hazard evaluation along the northwest Himalaya.

(1) National Cheng Kung University, Tainan, Taiwan / Prof. Kuo-En Ching
(2) Postdoctoral Student
(3) yogenmaths2738@gmail.com
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Soil gas degassing and hydrogeological changes before
and after the 2022 M6.8 Chihshang Earthquake in
eastern Taiwan

Ching-Chou Fu'! ~ Kuo-Hang Chen' ~ Kuo-Wei Wu' ~ Huey-Cheng Lee! ~
Chung-Hsiang Mu' ~ Hao Kuo-Chen?

(1) Institute of Earth Sciences, Academia Sinica -
(2) Department of Geosciences, National Taiwan University

Abstract

A magnitude 6.6 earthquake occurred on September 17, 2022, followed by a
magnitude-6.8 mainshock struck approximately 17 hours later on September 18, 2022,
along the southern Longitudinal Valley in east Taiwan, the boundary between the Eurasian
and Philippine Sea plates, causing serious damages of buildings and the surface. An
advanced monitoring infrastructure - MAGIC (Multidimensional Active fault of Geo-
Inclusive observatory - Chihshang) was planned to investigate the origin and migration of
the fluids and their relationship to the seismogenic processes occurring along the
Chihshang Fault (CSF). Soil gas surveys (gas species and flux) were performed to
investigate the gas-bearing properties of local seismogenic faults together with multi-
parameters hydrogeological monitoring of the fault zone in the borehole around the CSF
before/after these earthquakes. Recorded soil radon and hydrogeological data (e.g., pH,
groundwater temperature, chloride) showed the significant changes that preceded around
one month the major earthquake. Furthermore, a higher value of CO2 flux in the area was
found after the earthquake, which may be interpreted as an extra contribution of the gas
sources from depth, or the increased permeability of the fault system to allow them to
migrate toward the surface. The findings of this study reported the possible precursory
changes from deep to surface, caused by the mixture between the different chemical
concentrations/fluid reservoirs from groundwater and surrounding formations through
water-rock interaction, which may be associated with pre-seismically induced changes of
permeability or opening of preexisting micro-fractures along the fault zones.
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Ascending volcanic fluid in the Tatun Volcano Group, northern

Taiwan (II)
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Syn- and pre-orogenic deformation in the Taiwan
foreland basin inferred from two-layer modeling of
crustal anisotropy using Bayesian inversion

Ban-Yuan Kuo!, Cheng-Chien Peng?, Kenn-Ming Yang?

(1) Institute of Earth Sciences, Academia Sinica, (2) Department of Earth Sciences,

National Cheng Kung University, Tainan, Taiwan

Abstract

Shear-wave splitting measurements reveal path-integrated deformation but
remain ambiguous when separating anisotropy with depth. To increase the
depth resolution, we employed a Bayesian inversion with a two-layer
anisotropy model for a set of splitting measurements in the foreland of the
Taiwan orogen. To suppress the strong tradeoff between the two layers, the
upper layer is constrained by a prior function reflecting the GPS-derived
maximum horizontal contraction direction, with a fast direction centered at
NI115E. Allowing small deviations from the polarization azimuth of the
shear wave, the lower layer is resolved with fast direction striking
approximately east—-west. The lower layer fast direction is consistent with
the presence of high-angle normal faults cutting into the pre-Miocene
basement inherited from the rifting tectonics in the continental margin. The
combined present-day, convergence-dominated deformation and fossil
continental margin structures constituted the foreland architecture before it
further underthrust the Taiwan orogenic wedge. Our approach with a small
polarization deviation may prove useful in unraveling weak vertical
variations in the anisotropy.
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A b-value precursor before the 2018 Hualien earthquake and its
implication of preslip

Sean Kuan-hsiang Chen, Po-Yuan Chen, Yih-Min Wu, Chien-Chih Chen, Chung-
Han Chan

Abstract

Recent studies in the earthquake magnitude-frequency relation (b-value) found that the
b-value can decrease with time before large earthquakes in the source area. Such a
decrease even coincided with a burst of foreshocks immediately before the earthquakes
implying a preslip migrating toward the nucleation zone. We systematically survey the
b-value variations in space and time in the source area of seventeen earthquakes with
magnitudes greater than Mr 6.0 in Taiwan. We relocated the earthquakes released by
the Central Weather Bureau of Taiwan since 2012 as timing can provide a sufficiently
low completeness magnitude (Mc) of 1.5. We carefully determine the spatiotemporal
search criteria on seismicity in the source area of all targeted earthquakes. We surveyed
the temporal b-value systematically using moving time windows with a given number
of earthquake events with the magnitudes greater than Mc. We found the b-value
decreased clearly for two days before the 2018 ML 6.3 Hualien earthquake, coinciding
with a burst of M 5.8 earthquake and its aftershocks nearby as foreshocks. The
foreshocks migrated updip toward the hypocenter of the 2018 My 6.3 Hualien
earthquake and revealed a second decrease in the b-value ten hours before it occurred.
The b-value precursor primarily comes from a rapid reduction of small earthquakes in
the foreshocks and agrees with recent key findings of preslip. However, there is no
strong correlation between the b-value precursor and coseismic slip. Apart from this,
the b-values did not change significantly in most cases of earthquakes in Taiwan before
and after they occurred.
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3D Near-surface to Upper Mantle Taiwan Reference Model
Constrain by 1D/2D profiles and Empirical Vp-Vs Relationships
How-Wei Chen?, M. Syahdan Akbar Suryantara?
LInst. of Geophysics, Dept. of Earth Sciences, Natl. Central University, Taiwan, R.O.C.

Conventional Travel-time tomography based on earthquake data cannot resolved
strong Vp and Vs changes within 1 km depth. Limitations on incorporating near-surface
effects, cumulative picking errors and linearized inversion are the primary concerns.
Years of passive source tomography suggested limited low resolution 3D distribution
beneath Taiwan Island. Results revealed non-uniqueness and inconsistent models
estimations among different published inversion studies. Potential uncertainty could
mainly cause by different initial 1D/3D reference models even same or similar
inversion algorithms are implemented. Seeking alternative approach with the goal to
establish a consistent and well evaluated reference model become an important issue.
For model setup within 1km depth, 1D models derived from HVSN inversion, CPC well-
logs and PS-logs measurements were used to constraints near-surface elastic
parameters. Regional velocity model is established primarily based on all available
active source tomographic studies. 2D velocity profiles obtained along crooked linear
array provide better constraints with much better and more acceptable travel-time
error varies within the order of 10! seconds. 3D spatial interpolation by integrating all
available 2D profiles from TAICRUST, TAIGER and AtSEE long-offset experiments were
performed through two step process. First, the spatial covariance structure of the
sampled points is determined by fitting a variogram. Second, weights derived from this
covariance structure are used to interpolate values for un-sampled points or blocks
across the spatial field by kriging. The interpolation approach differs from simple
methods like inverse distance weighted, linear regression or Gaussian decay. All the
interpolated values are the optimal unbiased predictor. Reconstructed initial 3D model
reveal consistent Moho features from previous RF study. Unified Vp-Vs relationships

can be established by assimilating shallow and regional elastic models.

Key words: Vp-Vs relationship, Kriging, Variogram, Taiwan Reference Model, 3D, Initial
Model
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Data Augmentation Skill for Deep Neural Network of
Two-Station Spectrogram Model in Landslide
Research

Jui-Ming Chang, Wei-An Chao
Department of Civil Engineering, National Yang Ming Chiao Tung University, Taiwan

Abstract

Data augmentation is a crucial method to expand datasets and improve the deep neural
network's (DNN) performance. The augmentation algorithm involves various techniques, such as
geometry transformation and image adjustment parameters modification. As a result, DNN with
data augmentation would like to answer a question- how quickly DNN trains a robust model for
warning purposes? To address an issue, we took spectrograms from the Daman landslide and
involved two critical steps in gaining more data: vertical contact spectrograms and time-shifting
for spectrograms. Firstly, each component's spectrogram from two stations can be merged as an
image; thus, night contact spectrograms have been created for a specific moment. Secondly, since
seismic signals are time-series data, their spectrograms of power spectral density in time and
frequency reflect the post-failure landslide's dynamic process. The specific patterns are allowed
only to do horizontal shifting of data augmentation. Thus, the distinct spectrogram feature can be
freely shifted in a fixed time window. Both steps support generating over a hundred images of
two-station spectrograms for a single event. Further, past earthquakes from other locations where
two stations were nearby with an approximately 350-meter elevation difference were included to
establish earthquake-label data because insufficient earthquakes causing an imbalance data issue
would affect the DNN model's performance. According to the above procedure, the results showed
that merely one to two hundred post-failure landslides with vertical contact spectrogram and data
augmentation processes are sufficient to set up a reliable model for the application.

Keywords: Deep Neural Network, Data Augmentation, Spectrograms, Two-Station Model
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Ground motion model using Deep Neural Network in Taiwan

Jia-Cian Gao', Chung-Han Chan'?, Kuo-Fong Ma'?
1. Earthquake-Disaster and Risk E valuation and Management (E-DREaM) Center,

National Central University, Taiwan
2. Department of Earth Sciences, National Central University, Taiwan

3. Institute of Earth Sciences, Academia Sinica, Taiwan

The traditional ground-motion model (GMM) select a functional
form and determine it based on nonlinear regression. The forms from this
method, however, sometimes cannot fully explain all natural effects due to
human limitations. To better approximate complex nonlinear ground
motion behaviors, this study aims to establish a GMM using a deep neural
network (DNN). In order to train our DNN model, we implemented
parameters including moment magnitude, rupture distance, and S-wave
velocity down to the depth of 30 meters (Vs°°) obtained by the Taiwan
Strong Motion Instrument Program database from 1991 to 2014. Using
magnitude-distance cutoffs, all analyses are ensured to be well within the
reliable range. Our approach first adjusts the model’s hyperparameters to
determine the DNN's setpoints. After testing, we set learning rate of 0.001,
epoch of 6000 times, batch size to a size that covers all data sets, and the
network with 5 layers and 90 neurons for each layer. Comparing to multiple
neural networks, a single neural network is more stable and has a period
dependence in predicting multiple ground motion parameters.
Oversampling is implemented to solve the flaws caused by imbalanced
data in the model. Lastly, ensemble learning is performed under multiple
independent trainings to improve the final model's stability and
performance. As a result of the training, A DNN model fits nonlinear
ground motion models well, and the model converges effectively, that is, a
coefficient of determination between 0.87 and 0.92, and a standard
deviation between 0.62 and 0.70. In general, Our GMM is stable and
reasonable, with the exception of the interval with less data, and it is able
to predict the ground motions in the forms of PGA, PGV, and full response
spectrum (0.01 to 10 seconds), as well as to measure the credibility of the
validation indexes.
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RockNet: Rockfall and earthquake detection and association
via multitask learning and transfer learning
Wu-Yu Liao' ~ En-Jui Lee' ~ Chung-Ching Wang! ~ Po Chen? ~ Floriane Provost® »
Clément Hibert>* ~ Jean-Philippe Malet>* ~ Chung-Ray Chu® ~ Guan-Wei Lin!

(1) Department of Earth Science, National Cheng-Kung University, Taiwan ~ (2)
University of Wyoming, Laramie, Wyoming, U.S.A ~ (3) Institut Terre et
Environnement de Strasbourg (ITES), CNRS UMR 7063 - Université de Strasbourg,
5 rue Descartes, F-67084 Strasbourg, France ~ (4) Ecole et Observatoire des Sciences
de la Terre (EOST-OMIV), CNRS UARS830, Université de Strasbourg, 5 rue
Descartes, F-67000 Strasbourg, France ~ (5) National Science and Technology Center

for Disaster Reduction, Taiwan

Abstract

Seismological data can provide timely information for slope failure hazard
assessments, among which rockfall waveform identification is challenging for its high
waveform variations over different events and stations. With recent advances in deep
learning, we develop RockNet, which inputs three-component seismograms and
vertical-component spectrogram from multiple stations and outputs to determine the
local occurrences of earthquake and rockfall events. RockNet consists of a multitask
single-station detection model and a multitask association model. The single-station
detection model can do seismic phase picking and rockfall/earthquake waveform
mask computing. The association model determines the local detection of rockfall and
earthquake events by transfer learning the pre-trained single-station detection model
representations of multiple-station data. With about 400K additional training data of
earthquakes and non-seismic data, RockNet was trained and tested in a 7:3 ratio on
348 rockfall events, 193 car-induced events, 280 engineering signals, and 1,834
earthquake events collected from the local seismic network in the Luhu tribe, Miaoli,
Taiwan, achieving a macro F1 score of 0.981 in discriminating earthquakes and
rockfalls from other events with the association model. Also, we have examined
RockNet on a fully independent dataset of the Super-Sauze unstable slope in France,
achieving a macro F1 score of 0.940 in discriminating 355, 357, and 351 events of
earthquakes, rockfalls, and anthropogenic/environmental noises with the association
model. In general, RockNet performs and generalizes well, and has the potential to

perform onsite rockfall seismic monitoring.
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Imaging of shallow stratigraphy and fault structures of the Nanjihtao

and Southern Taihsi Basin using OBS and MCS data

Yung-Hsiang Su!, Sebastian Wege?, Tan K. Wang!, Wu-Cheng Chi>
1 Institute of Earth Sciences, National Taiwan Ocean University, Keelung, Taiwan

2 Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan

Abstract

Since 2017, several seismic surveys have been conducted across Taiwan Strait targeting Nanjihato

Basin, Taihsi Basin and Penghu Basin to investigate and reveal mostly sedimentary structure and its
geotechnical properties in a foreland basin system. To mention as an application, types and distribution
of the faults associated with overall stratigraphy structure in the middle Taiwan Strait have been a
necessary site-selecting evaluation for offshore windfarms construction. Here, we are focusing on data
retrieved from 8 ocean-bottom seismometers (OBS) and 10 multi-channel seismic (MCS) data across the
Nanjihatao Basin and the southern Taihsi Basin collected by NOR2-007 cruise in June 2020. The
interpretation of the MCS profiles were integrated to build pseudo-3D models for different
unconformities and faulted structures within the basins. The strike-slip faults, interpreted from most of
the seismic sections, likely reactivated and are cutting through the very shallow sediment layer during
the late Miocene collision (beginning of Orogeny) between the Philippine Sea plate and the Eurasian
plate. Further from OBS data, we inverted the P-wave velocity model to a depth of 2.5 km. The uppermost
sediment layers are dipping toward southwest having a P-wave velocity of 1.6-3.5 km/s increasing
downward to the Break-up Unconformity (BU). Below the BU, the P-wave velocity increases from 3.5
km/s to 4.5 km/s, and the layer lies beneath most of the faults bearing the compacted sediment.
Furthermore, from MCS profiles, properties associated with igneous rocks were identified. However,
their evolution toward a sedimentary basin still needs further investigation.

MAET A4 LG A P2 F CPRERND P b 2K

Keywords: Break-up Unconformity (BU), Faulted Structure, Foreland Basin, P-wave velocity model,

Nanjihtao Basin
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Assessing past climatic oscillations in Pliocene shallow-marine strata using integrated
magnetostratigraphy, biostratigraphy, and astrochronology

Amy I. Hsieh!?, Romain Vaucher®, Christian Zeeden®, Ludvig Léwemark®>, Chorng-Shern
Horng®, Andrew T. Lin’, Shahin E. Dashtgard'

"Paleoclimate Records in Shallow Marine Strata (PRISMS) Research Group, Department of Earth
Sciences, Simon Fraser University, Burnaby, Canada

?Department of Geosciences, National Taiwan University, Taipei, Taiwan

3Department of Earth Sciences, University of Geneva, Rue des Maraichers 13, 1205 Geneva, Switzerland
“Leibniz Institute for Applied Geophysics (LIAG), Geozentrum Hannover, Hannover, Germany
Research Center for Future Earth, National Taiwan University, Taipei, Taiwan

SInstitute of Earth Sciences, Academia Sinica, Taipei, Taiwan

"Department of Earth Sciences, National Central University, Taiwan

Changes in Earth’s eccentricity, obliquity, and precession cause climate change that may be
preserved in sedimentary archives. In mid- to low-latitude regions, shallow-marine sedimentary
records have been shown to record changes in hydroclimate driven by precession. However,
understanding climate variations in the geological past is challenging because many proxies are
sensitive to forcings independent of climate. Our study aims to resolve the influences of a rapidly
uplifting orogen on climate cycles preserved in shallow-marine strata of the Kueichulin Fm in
Taiwan’s Western Foreland Basin (WFB) by integrating magnetobiostratigraphy and
cyclostratigraphy of gamma-ray data from two boreholes from the Kueichulin Fm. We also
compare 8'°Cory and magnetic susceptibility records from the Kueichulin Fm to East Asian
Summer Monsoon (EASM) records from the South China Sea to evaluate the influence of
Taiwan orogenesis on these proxies.

Time-series analysis shows that during the early stages of Taiwan orogenesis (predating 5.4 Ma),
preservation of precession signals was low as the Taiwan Strait had not yet formed, leaving the
WEFB susceptible to erosion by waves from the Pacific Ocean. From 5.4-4.9 Ma, the preservation
of orbital oscillations remained low due to low sedimentation rates at deeper water depths, and/or
undetectable cycles due to homogeneous lithology. With continued rapid uplift and erosion after
4.9 Ma, the Taiwan orogen became the dominant sediment source to the WFB and shielded the
WEFB from erosive waves. This, combined with increased basin accommodation, resulted in
enhanced preservation of precession signals. The emergence of the Taiwan orogen also
significantly impacted EASM records of the northern and central South China Sea, and this is
expressed in the sedimentary record wherein proximity to Taiwan corresponds to a decrease in
the reliability of EASM proxies.

Keywords: Paleoclimate, Sedimentology, Magnetobiostratigraphy, Cyclostratigraphy,
Geochemistry
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Magnetic field fluctuations in Taiwan induced by the Lamb waves associated with

the 15 January 2022 Tonga volcanic eruption

Jann-Yenq Liu (%] £ Z)">%, Tzu-Hsun Kao (% F ), Tien-Chi Liu (%] X 4%)"2,
Bor-Shouh Huang (3 #4 %)%, Po-Han Lee (2 44 %)

ICenter for Astronautical Physics and Engineering, National Central University,
Taiwan

’Department of Space Science and Engineering, National Central University, Taiwan
3Center for Space and Remote Sensing Research, National Central University, Taiwan
‘Institute of Earth Sciences, Academia Sinica, Taiwan

At 04:05UT on 15 January 2022, intense Tonga volcanic eruptions induce prominent
atmospheric disturbances and tsunami waves. Himawari-8 meteorological satellite
images depict the induced upper-level tropospheric disturbances at 8.2 km altitude in
the Lamb wave mode travel worldwide. Data retrieved from Center Weirather Bureau
show that upon the traveling atmospheric disturbances (TADs) arriving in Taiwan at
11:30UT, 98 ground-based barometers register increases and reach peaks at about
11:50UT in the atmospheric pressure; 28 tide gauges record enhancements and
maximums of sea level fluctuations at about 14:30-17:30UT; and a local 1onosonde
observes that the ionosphere suddenly rises at about 13:00UT and reaches the highest
altitude at 14:30UT. Meanwhile, the maximums of sea level fluctuation indicate that
tsunami waves arrive in Taiwan by about 16:00UT, which could uplift the ionosphere
during 14:00-15:00UT. On the other hand, the changes of the horizontal component
of the Earth’s magnetic fields measured by 10 magnetometers almost all point exactly
toward the Tonga volcano at 11:00-12:00UT. These show that TADs associated with
Lamb waves is very powerful, which can induce an intense regional dynamo current

over Taiwan and eastern Asia.
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Sea level and winter temperature in Taipei Basin
around 8 Ka: “C dating and stable isotope record
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Research on the Preservation and Utilization of the 1951 and 2022

Earthquake Geoheritages in the Yuli Area of Hualien in Eastern

Taiwan

Li-chiou Kuo"? Wei Lo', Jian-wei Lin’, Sheng-chieh Chuang’, Feng-
jen Wang’, Chin-shyong Hou’
" Mineral Resoucrces Engineering Institute of National Taipei University of
Technology, “Central Geological Survey, MOEA., ’Taiwan Association of Professional

Applied Geologist
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Improved design of deep-sea Broadband OBS platform
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Geomorphic controls of benthic organic carbon
remineralization on two distinct shelves in the northern
South China Sea

Yu-Shih Lin! + Chieh-Wei Hsu? ~ Huei-Ting Lin® + Yuan-Pin Chang'
James T. Liu' ~ Chih-Chieh Su® ~ Jih-Terng Wang' - Wei-Jen Huang' -
Saulwood Lin® ~ Chih-Lin Wei®

(1)Department of Oceanography, National Sun Yat-sen University -
(2)Cross College Elite Tech Program, National Kaohsiung University of
Science and Technology ~ (3)Institute of Oceanography, National Taiwan
University

Abstract

Two distinct source-to-sink systems that coexist in the northern South China Sea were
examined for organic carbon (OC) remineralization activities in their shelf sediments.
The narrow oceanic island shelf is fed by a small mountainous river (Gaoping River)
that delivers a high proportion of fossil OC, whereas the broad passive margin shelf is
charged by a large river (Pearl River) carrying OC mainly from the terrestrial biosphere.
The higher total oxygen utility in the Gaoping River shelf than in the Pearl River shelf
rejects the hypothesis that fossil OC-rich sediment is unfavorable for benthic activities.
Compared to the passive margin shelf, the oceanic island shelf has lower fluxes of total
hydrolysable amino acids, but greater amino acid degradability, higher fluxes of lignin
and sewage derived organic matter. The biogeochemical-organic geochemical
differences between the two shelves are attributed to their varying river mouth
configurations and shelf topography.
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Low Mg-calcite Microtubes Formed by Cyanobacterial
Biomineralization as the Scaffold in the Microbial Mat of Kenting
Modern Stromatolite
Pei-Hua Wu', Biqing Liang'

(1) Department of Earth Sciences, National Cheng Kung University, Tainan, Taiwan

Abstract
Stromatolites are the laminated microbialite widely considered to be some of the oldest
traces of life on earth, and more importantly, record the information of ancient
environment during its formation. Although lithification and diagenesis of stromatolite
blur the record, modern stromatolite serve as precious materials for deciphering the
environmental information embedded in the ancient stromatolite. Tubular structures in
the ancient stromatolite have been recognized as the record of microbial activity due to
the morphological similarity and the ability to induce biomineralization through
photosynthesis by filamentous cyanobacteria grown in modern stromatolite. However,
the mineral composition and origin of the tubular structures are still controversial.
Modern stromatolites are rare and mostly grown in stable, or harsh and low eukaryotic-
competition environments thus increasing the difficulty of related studies. In this study,
we report the discovery of modern stromatolite in Kenting along the southeast coast of
Taiwan. The modern stromatolite in Kenting exhibits the layered microbial mat with
abundant tubular structures and well-laminated lithified parts. By microscopic and
mineralogical analysis of the CaCOs-microtube in the microbial mat, we determine the
mineral composition, possible progress of nucleation as well as the formation of
CaCOs-microtube in a view of cyanobacterial biomineralization. Moreover, the
amorphous or newly formed crystals present between the interface of minerals and
organic remains inside the CaCOs-microtube imply the subsequent fill-in
crystallization after filamentous cyanobacteria death or escape. By investigating the
Kenting modern stromatolite with abundant CaCOs3-microtube, our findings shed the
light on the fate of the CaCOs-microtube formed by cyanobacterial biomineralization
and the vital role of the CaCOs-microtube as the structural scaffold in the layers of

stromatolite.
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Systematic assessment of mineral distribution and diversity of
microbial communities and its interactions in the Taiwan

subduction zone of mud volcanoes

Aslia Asif!, Bing-Mu Hsu'*, and Bashir Hussain'

Department of Earth and Environmental Sciences, National Chung Cheng
University, Chiayi, Taiwan

Abstract

Mud volcanoes are the most dynamic and unstable sedimentary structures in the areas
of tectonic compression like the subduction zones. In this study, we comprehensively analyzed the
distribution of minerals as well as diversity, abundance and metabolic potential of the microbial
communities of major mud volcanic groups across Taiwan namely Chu-kou Fault (CKF), Gu-ting-
keng Anticline (GTKA), Chi-shan Fault (CSF), and Longitudinal Valley Fault (LVF). The highest
microbial diversity and richness were observed in the CSF group, followed by the GTKA group,
whereas the lowest microbial diversity was observed in the CKF and LVF groups. Proteobacteria
were common in all the sampling sites, except WST-7 and WST-H (Wu-Shan-Ting) of the CSF
group, which were abundant in Chloroflexi. The halophilic genus Alferococcus was abundant in
the Na-and Cl-rich CL-A sites of the CKF group. Sulfurovum was dominant in the CLHS (Chung-
Lun hot spring) site of the CKF group and was positively correlated with sulfur/thiosulfate
respiration, which might have resulted in a higher expression of these pathways in the respective
group. Aerobic methane-oxidizing microbial communities, such as Methylobacter,
Methylomicrobium, Methylomonas, and Methylosoma, constituted a dominant part of the LVF and
CSF groups, except for the YNH-A and YNH-B (Yang-Nyu-Hu) sites. The WST-7 and JS sites
were abundant in both methane-producing and methane-oxidizing microbial communities. The
LGH-F1 (Lei-Gong-Huo) site was dominated by both methanotrophic and methylotrophic genera,
such as Methylomicrobium and Methylophaga, respectively. Methylotrophy, methanotrophs, and
hydrocarbon-degrading pathways were more abundant in the LVF and CSF groups but not in the
remaining groups. The results of this study extend our knowledge of the diversity, abundance, and

metabolic functions of prokaryotes in major terrestrial mud volcanoes in Taiwan.
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Analysis and interpretation of hot springs water, biofilms, and
sediment bacterial community profiling and their metabolic

potential in the area of Taiwan geothermal ecosystem

Bashir Hussain', Bing-Mu Hsu'*, and Aslia Asif'

'Department of Earth and Environmental Sciences, National Chung Cheng
University, Chiayi, Taiwan

Abstract

In this study, 16S rRNA gene sequencing was employed for bacterial community
exploration, and their potential metabolic pathways involved from water, biofilms, and sediment
samples, collected from the geothermal valley (Ti-re-ku). Metagenomics data revealed that the
water samples had higher bacterial diversity and richness than biofilms and sediment samples. At
the genus level, Alicyclobacillus, Thiomonas, Acidocella, Metallibacterium, Picrophilus, and
Legionella were significantly abundant in the water samples. The biofilms were rich in
Aciditerrimonas, Bacillus, Acidithiobacillus, and Lysinibacillus, whereas the sediment samples
were abundant in Sulfobacillus. The PICRUSt2-predicted functional results revealed that heavy
metal-related functions such as heavy-metal exporter system, cobalt-zinc-cadmium resistance,
arsenical pump, high-affinity nickel-transport, and copper resistance metabolisms were significant
in the water samples. Moreover, sulfur-related pathways such as thiosulfate oxidation,
dissimilatory sulfate reduction, and assimilatory sul fate reduction were important in water samples,
followed by biofilms and sediment. Therefore, our findings highlighted the comparative taxonomic
diversity and functional composition contributions to geothermal fluid, with implications for
understanding the evolution and ecological niche dimension of microbes which are the key to

geothermal ecosystem function.
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Exploring In-situ Bioremediation for TCE
Degradation: Microbial Metabolic Patterns and
Bacterial Identification

I-Sen Tsai!, Bing-Mu Hsu'*, Bashir Hussain!, Cheng-Wei Fan', and
Suprokash Koner!

'Department of Earth and Environmental Sciences, National Chung Cheng
University, Chiayi, Taiwan

Abstract

Trichloroethylene (TCE) is a carcinogenic contaminant that poses a significant
threat to human health. One promising method for TCE remediation is in-situ
bioremediation, which is a preferred cost-effective and environmentally-friendly approach
to treating polluted groundwater and soil. In this study, we collected samples from various
depths (0-9m) underground and applied NGS and Biolog EcoPlate to observe the
metabolic patterns of microorganisms over a period of 24 hours to 168 hours (1-7 days).
L-arginine, phenylethylamine, and y-hydroxybutyric acid were added as carbon sources
in the substrate, and the results revealed a positive correlation with the TCE degradation
pathway. Clostridium, Desulfotomaculum, Desulfuromonas, Nitrospira, Sphingomonas,
Pseudomonas, and Bacillus were identified as bacteria that effectively degrade TCE, as
evidenced by the heatmaps and the bubble chart created from FAPROTAX to visualize
the strength of distinct metabolic pathways. Both aerobic and anaerobic pathways were
confirmed to be effective in the degradation process. The microbial metabolic patterns
observed in this study provide valuable insight into the effectiveness of in-situ
bioremediation for TCE degradation. Our findings suggest that specific bacteria play a
crucial role in the degradation process and can be used to develop more targeted and
efficient bioremediation strategies. Further research is needed to better understand the
metabolic pathways involved in TCE degradation and the specific bacteria that are most
effective in this process. Our study highlights the importance of exploring in-situ
bioremediation as a promising method for TCE remediation and provides valuable
information for developing effective strategies to mitigate the environmental impact of
TCE contamination.
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Impact of Serpentine Rock on Microbial Communities
and Biogeochemical Cycles

Suprokash Koner!, Bing-Mu Hsu'*, Bashir Hussain!, Aslia Asif', and I-Sen Tsai!

! Department of Earth and Environmental Sciences, National Chung Cheng
University, Chiayi, Taiwan

This study examines the microbial communities and biogeochemical cycles in
serpentine rock, serpentinized ultramafic soil, and non-serpentine soils. The researchers
compared the heavy metals-exposed taxa signatures and functional repertoires in
serpentine and non-serpentine soils. The results revealed that the serpentine rock
embedded soil had higher amounts of Cr and Ni, negatively impacting soil microbial
diversity through metal stress-driven selection. Biolog Ecoplate CLPP showed a restricted
spectrum of C-utilization in higher heavy metal-containing serpentine samples compared
to non-serpentine. Linear discriminant analysis (LDA) showed a higher abundance of
Desulfobacterota, Opitutales, and Bacteroidales in non-serpentine-exposed samples,
while the abundance of Propionibacteriales and Actinobacteriota was significantly
enriched in the serpentine niche. The study also identified functional members linked to
specific biogeochemical cycles and higher functional diversity in low Cr and Ni
concentration-containing rhizosphere JS-soils. Pearson correlation coefficient (r) values
confirmed the positive correlation of functional members with relevant pathway
enrichment. Ultimately, this study highlights the heavy metal stress within a serpentine
setting, limiting the resident microbial community's metabolic diversity and selecting
bacteria that could thrive in the heavy metal-stressed soils. These acclimatized microbes
could have future applications in soil conservation and management.

(1) University: National Chung Cheng University /Advisor: Bing-Mu Hsu
(2) Degree: Ph.D. Program /Grade: 4
(3) E-mail: suprokashkoner22(@gmail.com
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(Unraveling the Mystery of the Penghu Man )
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A multi-proxy approach to palaecoenvironmental reconstruction of Lake Shira, Russia:

insights from “C, elemental concentrations and fallout radionuclides

Satabdi Misra'!; Hong-Chun Li'; Tzu-Tsen Shen'

1Depalrtment of Geosciences, National Taiwan University, Taipei 10617, Taiwan

Abstract

A 30-cm gravity core (GC4) was collected from Shira Lake located in the central Altai region
of Russia. A comprehensive age-depth model spaning the past 1100 years has been constructed
by dating methods of AMS '*C and fallout radionuclides (such as 2!°Pbexcess and *’Cs). The
1964 peak of '*’Cs was found at 13 cm depth, but the 1964 nuclear bomb “C peak was
displayed at 8 cm depth, indicating '*’Cs (so does *!°Pb) is mobile in the sediments. Therefore,
it is better to use '“C age-depth model. The detailed '“C dating of the core exhibits
sedimentation rates of 0.24 cm/year during 2020 to 1986 CE; 0.11 cm/year during 1986 to 1950
CE and 0.019 cm/year up to 1154 CE. Elemental concentrations in 0.5N HCI leach and Aqua
Regia dissolution from every cm sample were measured by ICP-OES for assessing the
palacoenvironmental alterations during the past 1000 years. Furthermore, the acid-leached
sediments were analyzed for C, N, H and C/N by an Elemental Analyzer (EA). Based on the
elemental concentrations and C/N ratios, the paleoenvironmental changes represented by the
core can be classified in four segments: 1. 900~1100 CE (Medieval Warm Period), the lake
was fresh, warm and oxided due to strong surface runoff shown by high AL Fe, Mn and U, but
low TOC% and low AL Mo and Ca, reflecting warm and wet climatic conditions. The
environmental conditions suddenly changed around 1150 CE. 2. 1200~1400 CE, the lake
started to increase productivity and to drop in lake level due to evaporation, shown by increased
TOC%, AL Mo, and high AL Ca. The environmental conditions suddenly changed again
around 1450 CE. 3. 1500~1900 CE during the Little Ice Age, climatic conditions were cold
and dry so that the surface lake was frozen for long time, shown by very low sedmentation and
lake productivity. 4. 1900~present, with warm condition and human impact, the lake turned to
brackish, anoxic and sometime meromictic, shown by strongly increased TOC% and AL Mo,

but strong decreased AL Fe, Mn and U.

Keywords: '*C radiocarbon dating; '*’Cs and ?!°Pb; Lake shira; C/N ratio; elemental

concentrations; palaeoclimatic reconstruction
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Production rate of magma at Mariana determined
from numerical subduction models

Eh Tan'
(1) Institute of Earth Sciences, Academia Sinica, Taiwan

Abstract

Arc volcanism is produced above the subduction zone. The dehydration of subducted
oceanic crust and sediment will release water to the mantle wedge, which lowers the
solidus and generates partial melting. The melt will migrate upward as magma. Some
fraction of the magma will remain in the mantle and some fraction will migrate and
accrete to the crust. The crustal accretion will increase the crustal volume. The arc crust
production rate at Mariana has been estimated to be 23-89 km"2/Myr. However, the
fraction of magma remaining in the mantle is still unknown. As a result, the total
production rate of magma is unknown as well.

Several important observations can help us to constrain this fraction. The magma
within the mantle wedge should be less than a few percent, otherwise, seismic velocity
would have been strongly reduced. The latent heat released at the mantle when the
magma freezes is another constraint. If the mantle fraction of magma is too large and the
magma freezes too fast, latent heat would increase the temperature significantly, which
will affect subduction behaviors. This study will use numerical dynamic models with
parameterized melt migration to simulate the Mariana subduction system. The model
results will resolve the fraction of magma remaining in the mantle and hence the total
production rate of magma in the Mariana subduction system.
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Assessing CO2 Plume Migration and Trapping Mechanisms with Petroleum
System Modeling

Andy Min Hao Wang
SLB

Abstract:

Petroleum system modeling is a well-established approach used in the oil and gas industry to
simulate the evolution of sedimentary basins and predict the timing of hydrocarbon generation,
migration, and accumulation by modeling the pressure and temperature conditions over
geological time. In this presentation, we demonstrate the potential of this approach for studying
geological carbon storage at the basin scale. Specifically, we investigate the long-term CO2
storage mechanisms and the impact of different trapping mechanisms on CO2 plume migration
and storage using a synthetic dataset. Our study highlights the value of integrating petroleum
system modeling into carbon capture and storage (CCS) projects for improved understanding of
various CO2 trapping mechanisms and their effects on total storage and CO2 plume migration

prediction.

Keywords: Petroleum system modeling; geological carbon storage; carbon capture and storage

(CCS).
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Hydrogeochemical characteristics and the effect of chemical weathering
on carbon budget in the Gaoping river system
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Upstream aquatic history and seasonality shape microbial community composition in a small
mountainous river

Tzu-Hsuan Tu!, En-Ju Lin!, Pei-Ling Wang?, Li-Hung Lin?
'Department of Oceanography, National Sun Yat-sen University
’Institute of Oceanography, National Taiwan University
3Department of Geoscience, National Taiwan University

Riverine microorganisms play critical roles in biogeochemical processes and catalyze ecosystem
services for sustaining life, yet we understand little about mechanisms determining their
composition. Microbial communities are modified and re-assembled in a fluvial system during
transit from land to the ocean. The potential effects of upstream assembly and resistant time may
shape downstream microbial community within aquatic networks, generating complex patterns of
ecological succession. Here, we reconstructed the microbial succession within the Gaoping River.
We characterized hydrological seasonality and differentiated the total and reactive community by
sequencing both 16 rRNA genes and their transcripts. Our analyses yielded diverse community
compositions with a total of 38,679 ASVs, which were taxonomically assigned to 87 phyla, while
their abundances showed a highly skewed distribution pattern among sites and seasons. ASVs
affiliated with Comamonadaceae were more abundant in downstream sites. In the middle course,
the dominant ASV's were affiliated with the genus Thiobacillus, while those dominant ASV's were
absent in upstream sites. Moreover, microbial community and geochemical features varied
spatiotemporally and demonstrated gradual change along the watershed. Furthermore, parts of
orders were correlated regionally with nutrient and chemical concentrations. By examining the
differences between DNA and RNA-based microbial assemblages, we found that during the dry
season the similarity between total and reactive community compositions seemed to be greater
than samples collected during wet season. Therefore, we inferred temporal shifts in the relative
importance of assembly processes, with species selection dominant in spring and winter, and mass
effects becoming stronger in summer. Overall, the current results consider the upstream history
and hydrological seasonality as the deterministic factors controlling microbial community
composition in a fluvial system.

Keywords: biogeography; environmental selection, mass effect

136



r e R[5 b 3ok 3 e B v o R b B SRy 11 24F B SN B & M5-0-129
M5 — OBTAIN-ucc: OBservatory for Terra—Aqua INteractions under climate changes

SR S8 T 1 s AT LA T

e 3 X R R B BBRABIREE LB THRARR
KA HBZEESIE

BEH S FRA S BRRE
(DB 3.2 5 F KPR FARIRA -~ (2) B2 R APEL A

#H 2

bR KRBT K6 R ZAF R 3 T Ao BB T 0 ERKRERAKEE
MEER > TUAKRKRAKZE RN R LEE RBRMNE o BB 5HTTKE
FE B AR AF B ER KR M KR ENIT S » E—F R ETERTRH
R AAERAAS - RAXER S RAABEIERAE (fiber-optic distributed
temperature sensor, FO-DTS) & RIHE M » £ E = 30FI3E 4850/ R84 T 24
BNy B0 4800 B2 FEAT AT B B KRB MTI KRR E - BRl4 R
T 0 FO-DTSBIAF 698 FE 3045 B A 4Rk 0y R RIMBATAS 7 - BB BA R AR o E
HEG MERERANAERE LSRRI - A Sar R REER
A Y BA R ) B AR e KR AE P A R AR e A e 3e sk o 5 AT20224012A 058 &
12A098 9B R ELERBTRAKE HHEABF S ZIRBOBE  EERAKY
EEMZABRBEGRE - SRR T I KR T 35R ek mER - BrR
KRR B I EBIRR AL RBHE - AP §AERFEFO-DISEAMTAE T + 2
£ BAIRREN T EARER A KRIT KX ZAER GTATH - R & R R
3R] AR KA R T @GBS 0 PRI EHE R KRR G FEAE SN I I A N THE K
B R E L A E o

137



DEEHHHS\IE;E
Hh P [ sk A B B B o G B R 11 248 B ER AT T M5-0-130

M5 — OBTAIN-ucc: OBservatory for Terra—Aqua INteractlons under climate changes

SR S8 T A P S T A P

FE R 23X e 8RR B R R B BRI R R L B T BRI
KA % 2B E R

4?7)33_' NEN PN ‘J"Krk,g‘;l
(DR 4865 SEAPEET (D) A LBFp F1mg

#Ho®

itk &0k 2 B TORF 3 0E 00 Aoy Bk Y gk ek
MER > 7 1L RIVKBOREG AR B T R g - B4 477 KR
fiﬁﬁ%i%“%&z’ " Miw CRE B ToRaER TR 0 - HER PR B
% 3T ] o EE I AVAR T aé«/n_)it@/?lag (fiber-optic distributed
temperature sensor, FO DTS) Bl A FIEZ B P R 80 = ap
A0 s EFI0ABOEFLETREF DT RGP CRERE - FRS S
7 > FO-DTSHI T erif B #cdp & F Wik end A fddrac 4 > e @ A 24 ot
PG AP R E T R AAR S Rk B TR - BT ROERRR
PEY LG RR Rk R SRR i foiesr o A 172022127 05p 2
127 09p m/mliiﬁ'li‘%%%ﬁfﬁ R RB N 2pF S XPIF RO "gF Rokan
F =] Emﬁ*’ﬁ%iﬁ/’&z&  EpFEY /F' TOREREE T ﬁ"’&ﬁ’r&}ﬁm £ Ffi—-r 23
KRR P BER R BURE PR GRS 2 Y g sk HFO-DISH AR P &
7 BLPIE F e E R Y e A j\;p,—r}\ SRR R R AR el T M
g R LR ) o AR R Y AR IR X T e g ok
vIﬁ;P‘__‘&FI‘,p_\%‘/Q—%; °

138



=S
=R r 3 R [ b R ) P By B v 3 RS B 11 240 AT RIS | M5-0-131

M5 — OBTAIN-ucc: OBservatory for Terra—Aqua INteractions under climate changes

SR 5 I I B e A2 EL AR B
Microbial carbon transformation in metamorphic aquifers of southeastern
Taiwan
Jhen-Nien Chen!, Li-Hung Lin!, Pei-Ling Wang?2, Jui-Fen Tsail, Yueh-Ting Lin!, Lu-Yu Wang!, Pei-
En Chen?

I The Department of Geosciences, National Taiwan University
2 The institute of Oceanography, National Taiwan University

The discharge of CO> from groundwater into river represents a collective COz pool produced from
various abiotic and biotic processes along groundwater paths. However, limited efforts have been
paid to identify biological processes involved in CO: cycle in groundwater. The study aimed to
investigate spatiotemporal variation of biotic carbon transformation on CO; budget in groundwater.
Water from shallow/deep aquifer were collected from wells (DL-BHO1-27m, DL-BAO1-85m,
CWL-BHO01-27m, CWL-BH02-85m) along Sinwulyu river during wet/dry seasons. Stable isotopic
probing incubation was performed to trace the auto/heterotrophic metabolisms rates contributing to
CO; consumption/production, respectively. The DIC uptake rates were invariant and in a range of
3.1-39.8 nug-C/m3-hr regardless of seasons. Heterotrophic metabolic rates with two 13C-labelled
organics showed various patterns. The catabolic CO2 production rates with glycine were higher in
wet season (104 vs 10 ug-C/m3-hr) while the rates with pyruvate (at least 103 pug-C/m3-hr) were
invariant between seasons. The assimilation rates were orders of magnitude lower than the catabolic
rates. Besides, the assimilation rates between seasons were invariant except that the rates with
glycine for CWL-BHO1-27m and the rates with pyruvate for DL-BAO1-85m were high in wet
season (7.1 vs 0.8 pug-C/m3-hr and 150.5 vs 6.5 pg-C/m3-hr, respectively). In summary, the results
suggest heterotrophy dominates over autotrophy and contributes CO> to groundwater system,
contrasting from conventional thoughts that ecosystems hosted by crystalline rocks are controlled
by autotrophy. While pyruvate is likely utilized more broadly than glycine, the rates for both
substrates varied considerably between depths, sites and seasons. The pattern is consistent with
complex interactions arising from the connectivity between fracture controlled aquifer and surface

water, and niche heterogeneity governed by the hosted geological and geochemical characteristics.

Keyword: biotic carbon transformation; stable isotopic probing; auto/ heterotrophic; groundwater

ecosystem
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Scale effect of the spatial correlation length used in stochastic

Markov random field: A case study in the Taipei Basin

Hoai-Han Le!, Jia-Jyun Dong'2, Yu-Chen Lu*, Stefan Christopher Nicholas'

(1) Graduate Institute of Applied Geology, National Central University, Taoyuan City 32001, Taiwan

(2) Earthquake-Disaster & Risk Evaluation and Management Center, National Central University, Taoyuan City 32001,
Taiwan

(3) Department of Civil Engineering, National Central University, Taoyuan City 32001, Taiwan

(4) Institute of Materials Science and Engineering, National Central University, Taoyuan City 32001, Taiwan

Abstract

The stratigraphic model plays a fundamental role in earth science, geology, and
geotechnical engineering. However, a 100% correct stratigraphic model is not always
obtained, and stratigraphic model uncertainty is difficult to quantify. Recently, stochastic
Markov random field (MRF) could simulate a series of potential stratigraphic models, which
can provide information for stratigraphic uncertainty evaluation. One of the MRF parameters,
spatial correlation length, a, controls the geometry in the MRF simulation. Although some
studies have already investigated the influence of @ on MRF simulation and proposed the

calibration method for it, there is seldom literature to study the scale effect of a.

This paper presents the scale effect of the spatial correlation length of MRF. First, this
paper selected a geological profile, referred to as the population profile, in the Taipei Basin
as the study site. All soils from the boreholes were calibrated with geological knowledge and
geological statistics. Then, several sub-profiles, referred to as the sampling profile, were
obtained by cutting equal-sized profiles uniformly from the population profile. The sampling
profiles were performed by MRF, and their a values were calibrated using the maximum
likelihood principle by comparing simulation results with borehole data. A series of a under
specific sampling profile sizes were obtained. Three sampling profile sizes were studied. The
results show that as the sampling profile size increases, the mean of a presents a certain value
and the uncertainty of a decreases. The representative sampling profile size could be further

determined based on the acceptable uncertainty level of a.

Keyword: Markov random field, Stratigraphic model, Scale effect, Spatial correlation length
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Borehole Densities induced Uncertainty in Heterogeneously

Hydrogeological Models

Duc-Huy Tran!, Shih-Jung Wang!**, Jia-Jyun Dong!?
! Graduate Institute of Applied Geology, National Central University, Taiwan

2 Department of Earth Sciences, National Central University, Taiwan

Abstract

A good hydrogeological model is critical for accurately predicting and managing
groundwater flow and land subsidence. The distribution of the hydrogeological
materials in an aquifer system is typically heterogeneous. Assessing the uncertainty
associated with a heterogeneously hydrogeological model (HHM) is a challenge. This
study employed data from 437 geological boreholes in South Choushui River Alluvial
Fan, Taiwan, to investigate HHM uncertainty. Four cases were considered: case 1 (137
BHs), case 2 (237 BHs), case 3 (337 BHs), and case 4 (437 BHs), for generating HHMs.
To address the uncertainty of HHM, this study proposes a uniform randomly selection
and the Markov chain approaches to analyze the spatial characteristics of
hydrogeological materials and generate HHMs. The coefficient of variation (CV) is
used to quantify the uncertainty of the outcomes of HHMs. CV values at the 90"
percentile of the cumulative distribution function of clay thickness are 0.319, 0.312,
0.309, and 0.308 for case 1, case 2, case 3, and case 4, respectively. The findings
revealed that borehole density plays arole in reducing uncertainty, with low-uncertainty
areas showing considerable improvement. With each increase in the number of
geological boreholes, the area of low uncertainty expanded from 461.25 km? to 645.75
km’® on a larger scale. Our study emphasizes the importance of geological borehole
density in assessing the uncertainty of HHMs and highlights its significant impact on
assessment accuracy, ensuring reliable situations. The uniform random selection
method can be applied across various multidisciplinary studies.

Keywords: Uncertainty of heterogeneous hydrogeological model, Uniform randomly

selection, Markov chain model, Stochastic analysis, Choushui River Alluvial Fan.
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A thermally-conductive Martian core and implications for its dynamo cessation

Wen-Pin Hsieh!?, Frédéric Deschamps', and Yi-Chi Tsao'

!Institute of Earth Sciences, Academia Sinica, Taipei 11529, Taiwan

’Department of Geosciences, National Taiwan University, Taipei 10617, Taiwan

Mars experienced a dynamo process that generated a global magnetic field ~4.1-3.6 Ga.

The cessation of this dynamo strongly impacted Mars’ history and is expected to be linked to

Mars’ iron-rich liquid core thermochemical evolution, which is strongly influenced by the core’s

thermal conductivity. Here we directly measured thermal conductivities of solid iron-sulfur

alloys to pressures relevant to the Martian core and temperatures to 1023 K. We then constrained
the thermal conductivity profile throughout the Martian deep-mantle and core, indicating a ~4 to

6-fold discontinuity across the core-mantle-boundary. A Martian core with 16 wt% sulfur has a

thermal conductivity of ~19 to 32 W m™! K-! from its top to the center, much higher than

previously inferred from electrical resistivity measurements. The core’s efficient cooling

resulting from the depth-dependent, high conductivity diminishes thermal convection and forms

thermal stratification, significantly contributing to cessation of Martian dynamo.
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Alteration of rock fulgurite—an experimental
approach

Tze Yuan Chen' ~ Li-Wei Kuo!*

(1) Department of Earth Sciences, National Central University, Taoyuan
320, Taiwan ~ (2) Earthquake-Disaster & Risk Evaluation and Management

Center, National Central University, Taoyuan 320, Taiwan

Abstract

Fulgurite, the product of lightning strikes, is one of the few natural materials with
shock metamorphic characteristics (high temperature and high pressure). Despite the high
potential productivity of fulgurite (10 pcs/s), fulgurite is rarely studied due to its easily
altered nature (generally small volume, large surface area, and variable composition). In
this study, we conducted hydrothermal experiments on rock fulgurite, aiming to
investigate its alteration over time and different temperatures. The starting materials here
were rock fulgurites which were formed by the lightning strikes on Kinmen-Island granitic
gneiss in 2018. Fulgurite cubes (side = 3mm), as granitic gneiss covered with a glassy
layer, were prepared and sealed in a metal-confined Teflon container with either pure
water or dilute sulfuric acid (0.00026 N; as a weathering fluid). The apparatus was heated
to temperatures ranging from 50 to 300 °C and held for periods ranging from 10 minutes
to 117 days. The results can be divided into three stages by visual assessment, i.e. no
discernible change, the growth of sub-millimeter hemispherical yellow secondary
minerals, and the development of a reddish color in both the glassy layer and the liquid.
Micro-analytical methods such as optical, scanning, and transmission electron
microscopies, and Raman analysis will be performed to characterize the alteration of the
rock fulgurite, which allow us to develop an experimentally constrained thermodynamic
reaction of rock fulgurite alteration.

Keywords: fulgurite, lightning, glass, alteration, hydrothermal experiment
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Simulation of thermo-hydro-mechanical-chemical

evolution of fault gouges deformed at seismic slip
velocities

Ching-En Kung' + Chia-Wei Kuo? ~ Li-Wei Kuo'*
Thi Trinh Nguyen', Szu-ting Kuo'
(1) Department of Earth Science, National Central University (NCU) -

(2) Science and Technology Research Institute for DE-Carbonization
(STRIDE-C), National Taiwan University (NTU) ~

(3) Earthquake-Disaster & Risk Evaluation and Management Center, NCU

Abstract

Taiwan is located on the convergent boundary between the Philippine Sea Plate
and the FEurasian Plate, resulting in catastrophic geological hazards from large
earthquakes. Catastrophic earthquakes are often associated with large coseismic slips
localized in relatively thin slip zones. Within the slip zones, water-saturated, clay-rich
gouges are common components at shallow crustal depths. Therefore, understanding the
strength and frictional behavior of clay-rich gouges is crucial for earthquake physics and
seismic hazard assessment. To reproduce the slip process hidden in the crust during the
earthquake, we use the rotary-shear-type experiment and gain the friction coefficient p
(the ratio of shear stress to normal stress). Typically, the experiments show friction drop
due to the physicochemical process controlled by temperature and pressure (T-P)
variation, which are not easy to measure.

Here, to estimate the T-P evolution during the experiment, we use a
comprehensive simulator, THMC2D (Thermal-Hydraulic-Mechanic-Chemical Processes,
developed by CAMRDA at NCU), which couples fluid flow, hydrological transport, and
heat transfer in two dimensions. Mechanical data show that under fluid undrained
conditions, p increased to a peak value, p,, of ~0.4, followed by a dramatic weakening
with increasing displacement to a steady state value, pg, of ~0.2. In contrast, in the
drained condition, p, is about 0.3, while, in particular, a re-strengthening with
increasing displacement after reaching the steady state, g, is about 0.2. Simulation
results show that (1) a rapid increase in pore pressure is responsible for the observed
frictional weakening, and (2) a sudden temperature drop is responsible for the thermal
decomposition of the clay minerals. This model helps us to better understand earthquake
physics and frictional processes within fault gouges during experiments.
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Frictional properties of water-saturated clay gouges
during seismic slip

Thi Trinh Nguyen', Li-Wei Kuo'?, Szu-Ting Kuo'

(1) Department of Earth Sciences, National Central University, 32001 Taoyuan, Taiwan,
(2) Earthquake-Disaster & Risk Evaluation and Management (E-DREaM) Center,
National Central University, 32001 Taoyuan, Taiwan

Abstract

Clay minerals, illite, smectite, chlorite, and kaolinite, are dominant in fault zones at
shallow depths. Because most of the strain was accommodated within the fault zone
during earthquakes, investigating the frictional properties of clay minerals plays an
important role in understanding earthquake physics. Here, we conducted rotary shear
experiments on synthetic clay minerals, including illite and smectite powders at a normal
stress of 10 MPa, and a velocity of 1 m/s under controlled drainage conditions. The total
sheared displacement is ~4m. The results showed that under drained condition, in illite
gouge, the apparent friction coefficient (1) initially achieved a value of ~0.24 due to the
cohesion of'illite itself, and then gradually increased with cumulative slip, exhibiting as a
typical slip-strengthening behaviour. In contrast, in smectite gouge, @ initially achieved a
peak value of ~0.20, then dramatically weakened and achieved steady-state values of
~0.05 until the end of slip, exhibiting a typical slip-weakening behavior. After shearing,
the slip surface of the iillite became dark, while that in smectite remained the same. The
physical and chemical processes involved remain unclear and will be determined by
detailed characterization of the gouge layer prior to the TGA meeting.
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Microstructures and polytypism of transitional enargite from the Penshan orebody in
the Chinkuashih high sulfidation epithermal Cu-Au deposit

£ B EZIRE ARG A b LA TR Y FR G o RS TR
Ko Chun Huang", Yo-Chun Chuang', and Wei-Teh Jiang"

1. Department of Earth Sciences, National Cheng Kung University, Tainan City,
Taiwan.

Ideal enargite consists of an hep-like ABAB... stacking sequence of tetrahedral layers.
However, fine streaks revealed by reflected light microscopy for enargite have often
been encountered in high sulfidation ore deposits. Enargite with such a “defective”
feature is consistently adjacent to luzonite and was suggested to be a transitional
product of hydrothermal growth associated with temperature and/or composition
fluctuations at the lower mining levels of the Penshan orebody in Chinkuashih. The
“defective” enargite displayed either unidentifiable or mixed enargite-luzonite signal
spots in EBSD phase maps. In order to understand the nature of the transitional
enargite in relation to optical streaks, HRTEM was used to characterize its
microstructures and structural variations. Electron diffraction patterns of the
“defective” enargite suggested the presence of disordered and ordered stacking
sequences of tetrahedral layers. The former was depicted by the presence of diffuse
odd- and sharp even-order 00/ reflections and shifted O/ reflections consistent with a
disordered stacking, a loss of the 2-fold screw symmetry, and a deviation from the
orthorhombic symmetry for ideal 1C enargite. The ordered 2C and 9R polytypes were
characterized by the presence of 00/ and Akl superlattice reflections having
periodicities of ~1.2 nm and ~2.7 nm, respectively. HRTEM images indicated that the
2C polytype has a 4-layer periodicity of ABACABAC... with an apparent
orthorhombic symmetry and the 9R polytype has a 9-layer periodicity made of
ABCBCACAB units with an apparent thombohedral symmetry. Epitaxial growth of
mixtures of disordered enargite and ordered enargite including 1C, 2C, and 9R
polytypes, locally associated with luzonite-like layers and twinning can occur within
single transitional enargite grains. These features and optical streaks are characteristic
of the Penshan “defective” enargite indicative of transitional growth from luzonite to

enargite or vice versa.

Mok Ryl R TR E/F
Keywords: Enargite, Polytypism, Chinkuashih
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Daman Post Failure Landslides: Real-time Warning
System by Parameter-based Method and Deep Neural
Network

Jui-Ming Chang, Wei-An Chao
Department of Civil Engineering, National Y ang Ming Chiao Tung University, Taiwan
Abstract

The Daman Landslide has blocked one of the three cross-island roads in Taiwan since
October 2022, leading to repeated post-failure landslides (PFLs) that pose a safety risk to
workers and road users. In response, we installed two geophones near the landslide's
crown and toe to monitor PFLs in a real-time scheme. We categorized PFL events through
videos into Type I and Type II based on their termination locations of slopes above or
beneath the road, respectively. The crown seismic station recorded Type I events, while
both seismic stations documented Type II. To detect and classify PFLs, we developed a
parameter-based system using 11 user-defined seismic parameters. This system detected
1,597 Type I and 1,779 Type II PFLs between October 27, 2022, and January 10, 2023,
achieving an overall accuracy of 84%, confirmed by 125 videos. As the number of PFLs
increased over three months, we obtained a sufficient dataset of PFL spectrograms to
develop a Deep Neural Network (DNN) model with VGG16 architecture. However,
frequent earthquakes affected the model's performance, so earthquakes were also included
in the classification model. Additionally, to present spectrogram features of PFLs and
earthquakes in one image, we concatenated the spectrograms of both seismic stations
vertically for the DNN. In total, 136,888 spectrogram images from equal numbers of three
target labels were obtained. These images were split into a dataset of train, validation, and
test with ratios of 0.6, 0.2, and 0.2, respectively. After training the DNN for 150 epochs,
the model achieved an accuracy of 0.98 for classifying the three labels. We concluded that
the parameter-based system could be implemented quickly but cannot detect whole events,
while the DNN requires a large dataset to train a robust model. Both systems have pros
and cons; therefore, a hybrid classifier combining the parameter-based and DNN models
is a solution to provide timely and precise source identification for warning systems.

Keywords: Deep neural network (DNN), Post-failure Landslides, Two-station-based
Spectrograms, Real-time Warning System
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Monitoring and analyses of movement patterns and mechanisms of
dip-slope landslides: A dip slope case in urban Taipei

(1) Chia-Han Tseng, (1) Chao-Kai Chen, (2) Alvian Yanuardian, (2) Jia-Jyun
Dong, (3) Ruey-Juin Rau

(1) Department of Geology, Chinese Culture University, Taipei, Taiwan
(2) Graduate Institute of Applied Geology, National Central University, Taoyuan, Taiwan

(3) Department of Earth Sciences, National Cheng-Kung University, Tainan, Taiwan

In the Beitou District of Taipei City, the Chilian Mountain is composed of
sandstone of the Mushan Formation formed in the Pleistocene. It is a typical dip slope
for both the dipping direction of the bedding and its slope surface is toward south.
According to the survey and remediation over years, it is found that not only small-
scale shallow slump but also underground 3 cm displacement happened. In order to
understand the reason of the displacement, field investigations on site were carried out,
including weathering degree, geological structures and outcrop distribution. As a result,
a shale layer also forms in the southwestern part of the campus in addition to the
sandstone. Furthermore, sub-vertical and open joint planes widely form within the
sandstone and shale layers, indicating that rainfall can easily infiltrate into deep rock
formation and weaken deep shale material. According to the rock core data within the
campus, the sandstone layer shows staining, pointing out that groundwater rose and fell
within the region obviously. Numerical modeling is also applied to analyze the stability
of the Chilian Mountain dip slope under the conditions of maximum and minimum
groundwater level and sub-vertical joint planes existing or not. The results show that
the highest FS of 1.538 exists when the slope has minimum groundwater level with
sub-vertical joint planes, while the lowest FS of 1.097 appears when the slope has
maximum groundwater level without sub-vertical joint planes, showing that the

stability is slightly higher than that in the critical condition. Besides, both in these two
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situations, the initial position of the underground sliding surface appears nearby the
displacement of 3 cm recorded by the inclinometer M8 in the remediation report. Based
on the results of the survey and modeling in this study, it is suggested that drainage of

the groundwater is still the most effective method to maintain the slope stability.

Keywords: Dip slope, Numerical Modeling, Continuous GPS, Landslide displacement
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Earthquakes and seismic hazard in the footwall of a subduction zone, New Caledonia, South
Pacific
Chin, S.!, Sutherland, R.!, Savage, M.!
1. School of Geography, Environment and Earth Sciences, Victoria University of Wellington, Wellington, New
Zealand

New Caledonia is on the Australian plate, which is subducting beneath the Pacific plate at the New Hebrides-Vanuatu
subduction zone. Continental geological structure in New Caledonia combined with outer rise uplift has created land.
In the project ITOPNC, 12 broadband seismometers were deployed for 14 months in 2018-2019 to supplement six
permanent stations on the main island and three permanent stations on nearby islands. We generate the first published
earthquake catalogue and local magnitude (M;) function for New Caledonia. Local earthquakes mostly had
hypocentres shallower than 20 km. Our M; estimates for 107 earthquakes in the subduction zone are consistently
1.1 units smaller than M,, and mb over a range from 4.5 to 7.5, as determined by the USGS. Residual analysis of
ground accelerations highlights the discrepancy between M; and M,,, and demonstrates that subduction zone
hazard is currently overestimated and new ground motion prediction equations are needed for subduction zone
footwall settings. Seismicity rates in New Caledonia are low, but the probability of M; > 5 earthquakes is 2.7 times
higher than elsewhere in the northern Australian plate. Shaking hazard in southern New Caledonia is dominated by
local moderate-magnitude earthquakes, rather than large-magnitude subduction events. Focal mechanisms are mostly
normal faulting in southern New Caledonia, and consistent with nearby slab pull and topographic stresses. We observe
changes in stress state and increase in local seismicity rate for several weeks after the M, 7.5 earthquake on 5
December 2018 in the New Hebrides-Vanuatu subduction zone. Similar increases in local seismicity rates are also

found after past large (M,, > 7) nearby earthquakes.
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Magma Evolution from Storage to Eruption in
Reservoirs beneath Tatun Volcano Group

Guo-Teng Hong'?, Kuo-Lung Wang'-}, Cheng-Hong Chen',
Yoshiyuki lizuka®
"Department of Geosciences, National Taiwan University
2Regional Geology Division, Central Geological Survey, MOEA
3Institute of Earth Sciences, Academia Sinica

Abstract

Volcanic activity associated with Tatun Volcano Group (TVG) has become a
great concern for capital security recently. This study aims to find the TVG magma
stagnation depth as a proxy of the reservoir depth by utilizing mineral thermobarometry
and to provide constraints on potential magma reservoir existence. With both the
calculated pressure (P)-temperature (T) paths and ascent rates of sequential magma units
in boreholes, the previous TVG eruptive behavior could be constructed and examined for
its potential hazard assessment. 33 rock samples are collected from four magmatic units
in a borehole drilled at Mt. Tatun in this study. Among 5 of them, 47 mineral targets,
including amphibole, pyroxene, plagioclase and magnetite, are first analyzed by scanning
electron microscope-energy dispersive X-ray spectroscopy for pilot study on the
thermobarometric methods.

Based on the preliminary results, the amphibole phase shows a concise
ascending path from 24 to 5 km in depth with temperatures decreasing from 1,000 to
840°C. On the other hand, pyroxene pairs display a more diverging and higher P-T range
indicating the depth from 40 to 15 km with temperatures decreasing from 1,250 to 1,000°C.
Titanomagnetites with thermal exsolution strips reflect a reasonably lower temperature
range between 900 and 500°C. Although the acquired P-T data are insufficient in quantity
to depict the magma stagnation depth which may imply the reservoir location. They seem
to record a clear P-T path of magma ascent through crystallization. In comparison with
the 15-8 km-deep magma reservoir of the teleseismic model proposed by Huang et al.
(2020), the pilot study result infers a larger and more diverging range of magma
crystallization/ponding depth which may favor a deeper source region conceptually in
agreement with the mantle wedge diapirs model for magmas generation proposed by Lin
et al. (2021). More mineral targets of the four magma units will be analyzed by electron
probe micro-analysis to improve the precision of the P-T estimates, which could increase
data quantity for better constraints on the TVG magma stagnation depth.
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On detecting geomagnetic signals of the tide and Kuroshio current
variations

Ting-Juan Liao' * Benjamin F. Chao?
(1)Department of Physics, National Taiwan University * (2)Institute of Earth Sciences, Academia

Sinica, Taiwan

Oceans generate secondary magnetic fields as the tide or current flows through the
earth’s magnetic field. Cutting through the earth's magnetic field, charged particles are
separated according to Faraday’s law. By Ohm’s law, moving charges produces current.

Furthermore, these currents generate a secondary magnetic field. In this study, we aim

to study this phenomenon with the vector magnetometers at stations of H& - Bl

A 7K, along the southeastern coast of Taiwan. We found the cross-correlation function

between the three stations has repeated spectral peaks of thirteen days, which suggest
the influence by the long-period lunar Mf tide due to the associated tidal currents in the
vicinity of the stations. As for the ocean circulation current Kuroshio, with that provided
by the JCOPE-2 numerical model, we simulated the secondary magnetic field as
described above. The magnitude of it is on the order of 1~10 nT, which is large enough

to be detected by our instruments with measurement sensitivity of 0.01nT. We also find
a significant correlation of the simulated magnetic field with the observed at B4

station. Our future goal is to be able to monitor the total current mass flux variations

using coastal vector magnetometer records.

Keywords: tide, Kuroshio Current, secondary magnetic field
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The Influences of Hydrogeological Models on Pore Water
Pressure Buildup Triggered by Seismic Wave Propagation

Agustina Shinta Marginingsih!, Shih-Jung Wang'-2
! Graduate Institute of Applied Geology, National Central University, Taiwan

2 Department of Earth Sciences, National Central University, Taiwan

Abstract

The studies on pore water pressure buildup in an aquifer triggered by seismic wave
propagation commonly consider a homogeneous or a perfect layer system. However, the
distribution of hydrogeological material and the integrative geological model may play an
important role in seismic wave propagation and affect the distribution of pore water
pressure buildup. Since the non-uniform ground settlement induced the building to
collapse, the influence of soil profile structure on non-uniform ground settlement need
further investigation. To assess the structure effect of hydrogeological model on pore
water pressure buildup due to seismic wave propagation, various hydrogeological models
was constructed using simplified synthetic (including perfect layer, pinch-out, and lens
system) and complex synthetic (including shallow, and deep soil profile) models. An
UBC-sand model-based software, namely Midas GTS NX, was adopted to simulate
seismic waves in a saturated porous medium. The results show that geological model
significantly affects the transient behavior of acceleration, pore water pressure, and
vertical displacement. The presence of layered soil altered the wave propagation which is
amplified and attenuated based on geological model structure. The presence of angles in
the pinch-out, lens, and complex synthetic models leads to an accumulation of pore water
pressure in the corner area, which has a high potential to reach the liquefaction limit. Non-
uniform ground settlement occurs in pinch-out system and lens system. The distribution
of pore water pressure buildup obtained from the simulation can provide an important

reference for the potential assessment of soil liquefaction.

Keywords: Structure of hydrogeological model, Seismic wave propagation, Excess pore

water pressure, Vertical displacement, Soil liquefaction.
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Classification and Regression Tree (CART)-based
estimation of SWC based on meteorological inputs and
hydrodynamics behind

Tsung-Hsi, Wu' ~ Pei-Yuan, Chen? ~ Chien-Chih, Chen! ~ Meng-Ju,
Chung? ~ Zheng-Kai, Ye ~ Ming-Hsu, Li?
(1) Department of Earth Sciences, National Central University ~ (2)

Graduate Institute of Hydrological & Oceanic Sciences, National Central
University, Taiwan

Abstract

In this study, we investigate the feasibility of using the Classification and
Regression Tree (CART) algorithm for estimating soil water content (SWC) using
commonly available meteorological parameters. We trained and validated CART models
using data collected in a grassland terrain in northern Taiwan throughout 2018, with the
goal of providing precise information for agricultural irrigation and flood risk
assessment. Our findings indicate the effectiveness of CART in SWC estimation, with
error levels acceptable for agricultural purposes. Additionally, the study highlights the
importance of understanding the characteristics of rainfall and the underlying
hydrological dynamics, such as evapotranspiration and soil texture, in order to make
accurate SWC predictions using CART.
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Characteristics of Thrust activivity in Numerical Critical

Wedge Models

Fang-Yi Lee!, Emmy T.-Y. Chang' and Eh Tan?
nstitute of Oceanography, NTU - Institute of Earth Sciences, AS

Abstract

Convergent wedges are areas where two tectonic plates collide, resulting in active
deformation and frequent earthquakes. Understanding the deformation and seismic
behavior in convergent wedges is crucial for mitigating the harm caused by seismic
hazards. Previous studies have revealed the complex interplay between the stress field
and fault activity, wherein accumulating stress can trigger fault activation, while the
strain during fault activities can influence stress field. The aim of this study is to provide
a quantitative analysis of this relationship.

To achieve this, we employ numerical models to simulate the deformation of
convergent wedges. Several thrusts and backthrusts develop in the model. We extract
the simulated strain rate and stress of thrusts over time and observe important
characteristcs. The stresses at the frontal wedge increase over time, while the stresses
at the rear wedge decrease. The frontal thrusts would be active for >500 years then
silent for a few hundred years, while rear thrusts would be active for only a brief period
then silent for extended time. The time series of strain rate across thrusts are cross-
correlated. We find no correlation between the activities of frontal thrusts and rear
thrusts.

The activation of a convergent wedge can be divided into two regions, the frontal
region and the rear region. Each region has its own seismic cycle. The cross-correlation
analysis also found that all conjugate pairs of faults show a high correlation and that

forethrusts activate slightly earlier (0~30 years) than their conjugated pairs.

Keywords: numerical simulation, convergent wedge, fold-and-thrust belt, and seismic

cycle
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The Rupture Process of the 2022 Guanshan Earthquake and
Chishang Earthquake in Longitudinal Valley, Eastern Taiwan
from Joint Inversion of Seismological and Geodetic Data.

Wei-Yu Zhang ', Po-Fei Chen', Ming-Che Hsieh:

‘Department of Earth Sciences, National Central University, Taoyuan, Taiwan.
:Earthquake-Disaster & Risk Evaluation and Management Center (E-DREaM), National

Central University, Taoyuan, Taiwan.

On 17th and 18th September 2019, two strong earthquakes with moment magnitudes
Mw 6.5 (Guanshan earthquake) and Mw 7.0 (Chishang earthquake) struck Longitudinal
Valley (LV), where the arc-continent collision between the Eurasian plate (EP) and the
Philippine Sea plate (PSP) sutures. The distributions of aftershock as released by the
Central Weather Bureau (CWB) suggest ruptures of both events occur on the west-
dipping Central Range Fault, which also hosts the rupture of the 2006 Taitung
earthquake to the south and the 2013 Ruisui earthquake to the north segment. In this
study, we aim at determining the finite fault models of both events, as jointly inverted
by teleseismic waveforms (P, SH, Rayleigh, Love), strong-motion records, static and
high-rate GNSS. The inversion scheme calculates misfits of waveforms in the wavelet
domain and, using nonlinear simulated annealing algorithm, solves the optimal
solutions for slip amplitude, rake angle, initial rupture time, and rise time on each
subfault (Wavelet and simulated Annealing SIiP [WASP], Koch et al., 2019; Goldberg
et al., 2022). To examine the spatial resolution and reliability of the fault model, we
also conduct the checkerboard test and forward simulations. For Guanshan earthquake,
our results display that the rupture mainly propagates from north to south with total
duration of ~12 sec. The two asperities can be resolved on fault plane with a maximum
slip of ~1.9 m. For the Chishang earthquake, the rupture propagates northward with a
total duration of ~23 sec. The two shallow (0-10 km ) asperities can be distinguished
with the maximum slip of ~5m near the Yuli township, corresponding well with sites

of severe building damages.

Keywords: Longitudinal Valley, Central Range fault, Guanshan earthquake, Chishang

earthquake, finite fault inversion.
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Annual report of the real-time moment tensor

monitoring system
Ting-Yu Liu ~ Shiann-Jong Lee
Institute of Earth Sciences, Academia Sinica, Taiwan

Abstract

Real-time Moment Tensor (RMT) is an earthquake monitoring system designed for
automatically detecting seismic activity in Taiwan. The system can provide the original
time, hypocentral location, moment magnitude, and focal mechanism of seismic events
within two minutes of the occurrence. The monitoring region covers from 119.2 °E to 123.0
°E, and from 21.0 °N to 26.0 °N, with depths ranging from 2 km to 180 km. The grid space
is less than 0.05 degrees in the horizontal direction and about 2 kilometers in the vertical
direction, which varies with depth. The system combines centroid moment tensor (CMT)
inversion techniques, grid search methods, 3D Green's functions calculated using the
spectral-element method, and real-time broadband seismic recordings. An early RMT
system operated from 2012 to 2015 used a 1D Green’s function, and the system has been
upgraded to a 3D Green's function version since 2015. This report compares the results of
the seismic events detected between 2015 and 2022 by the RMT with those of the
earthquake catalog of the Central Weather Bureau (CWB) and the centroid moment tensor
(CMT) solutions of the Broadband Array in Taiwan for Seismology (BATS). The average
differences in the event time and epicenter location are less than 1.6 seconds and 7.5
kilometers, respectively. Most of the source parameters are close to the BATS CMT
solutions. The long-term goal of the RMT system is to provide real-time source information

for moderate to large earthquakes for rapid earthquake hazard assessment.

Key words: Real-time monitoring, moment tensor inversion, source parameters, 3-D

Green’s function, Computational seismology
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High Accuracy and Efficiency on Viscoelastic Simulation —Asymmetrical
Factorization and Fractional Spatial Derivatives K-space Domain Computations
How-Wei Chen?, Hong-Yu Zhou?

Lnst. of Geophysics, Dept. of Earth Sciences, National Central University, Taiwan,
R.0.C.; 2 Geophysical Prospecting Lab, China University of Petroleum (Beijing), China

Designing accurate and efficient wave propagation engines is vital for seismic modelling
and imaging. The PSM provides spatial dispersion-free wavefields. However, small time
steps must be adopted to ensure the simulation stability and temporal accuracy. To
deal with the issue, many enhanced spectral-like methods were proposed for wave
propagation. The k-space method is one of those enhanced strategies. The k-space
method stems from the scattering research and then is introduced to solve many
practical problems in ultrasonic, biomedical and geophysical applications. Compared
with second-order k-space formulation, the first-order k-space formulation can be
readily solved by the staggered-grid configurations and possesses better numerical
stability and less simulation artefacts. The existing first-order k-space method is highly
efficient and accurate for the wave propagation simulation in homogeneous media.
However, when it comes to highly heterogeneous media in geophysical problem, each
first-order derivative in the k-space formulation involved a computationally intensive
space-wavenumber mixed-domain operator. Removing the discretization errors in
temporal derivative can achieved through eigenvalue decomposition and solution to
the matrix differential equations. We analyze and summarize the computationally
intensive problem of the conventional first-order k-space method as symmetrical
factorization of wavenumber-time (k-t) domain wave propagator. The error
compensation operators can simultaneously correct the discretization errors of
different types of temporal derivatives and it is the wave mode adaptive approach. The
mixed-domain operators are effectively represented by the low-rank variable operator
length computations. The theoretical and numerical analyses validate the key

issues: Compared with conventional k-space method, newly proposed method
preserves the modelling accuracy for strongly varying heterogeneous media and
significantly boost the efficiency.
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Controlling factors of the sedimentary environment on the

late Pleistocene Ilan Plain

Pin-Ju Sul, Yi-Jung Linl, Kuan-Yu Chen?
(1) Central Geological Survey, MOEA - (2) National Center of Research on
Earthquake Engineering, NARLabs

Abstract

The Ilan Plain, located at the southwestern end of the Okinawa Trough, has attracted
significant research interest due to its unique tectonic significance; yet previous studies lack
exploration into the interaction between eustatic sea level fluctuation and tectonic activity. This
study interpreted the sedimentary environment along with the facies association based on 100
existing well data. A total of 201 (16 of which were newly added) carbon-14 dating results were
recalibrated and arranged as time references. We found that marine sediments appeared at the
Lanyang River mouth and its south side before 20 ka. The main environment deepened around
17.5 ka and 15-14 ka, partially coinciding with the meltwater pulses 1A, and the main
transgression developed from north to south. From 12 ka, the rate of transgression slowed down
and the seawater covered most of the plain ~8 ka. Afterward, the regression began from south to
north and accelerated since 6 ka. The fluvial facies developed rapidly so that the neritic facies
environment retreated to the northeast edge of the plain. According to the inclination and
intervals of the isochronous surfaces and the environmental distribution, the rate of tectonic
subsidence has increased since ~4 ka. A large amount of sediment supply filled the deepest area
of the substrate in the north of the Lanyang River and left the seismic facies of propagation on
the Ilan shelf. The environment of the Ilan Plain was controlled by both eustatic sea level
fluctuation and tectonic subsidence, which controls the change of the environment to a
considerable extent. In the follow-up, we will continue to explore the mutual control relationship
to the sedimentary environment change, to improve our understanding of the depositional

systems of basins with significant tectonic subsidence.

Keywords: Ilan Plain, Sedimentary environment, tectonic subsidence, eustatic sea level

fluctuation
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The study on calcareous nannofossil biostratigraphy and
implication of reworked fossils in Kaohsiung.
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Study of fossil Echinoderms from Erliao, Zuojhen, Tainan, Taiwan

(DW= 2 BFE FRp g - (D7 pALEL2FIRE - QAdFTE - (DRZ P 2AF
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PR S S SHPHF I BT A A EBER AT e RTED R LD
e hAz ~ ST PR R IRAN R OHEIRIA) E R T el A RS TT?’% ¥ ® p (Spatangoida)
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The first report of fossil cuttlebones of Taiwan
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FRNE A ARREEE Y AR RSN AP EREEIAR > AT
ZHL 22 T2 AR A R o HA T 5 B (Belosaepiid) 2 ik g R
(Sepiida)> H it 72 %452 BA T2 PRI AW~ BEJ T~ 28 212

T~A22AH 32 Ee s HP A NREFLIEEE S HTUEE BTN

AE(FTER)FRINMNUZBENaNE-F o TP w5k d A ?p“*‘ 7Y
RGIRSE I 73 B P ERE e b B RAEY ol v HHISH 2 Pr e AT TS
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S. madokai, S. pardex, S. recurvirostra, S. lycidas, S. latimanus ; 2 #2538 % 2 BT

LAY RBPES L T EIBER 5L 0§ R HEIR H P AR A

AR R A A PBRREIE- AP o Sd AFFATER 0 B BRAT AL

FLNAHaoagEs @e M TEREN T LBl AT T {ATE§
PRICT 0 SR ARG e TEAPEA KB EIHEM G Yy 0 L

R FiREFIC B4 SR EE g K

MeEF: BRI F SRR PFIRE S a2 BAHE 2R

Keywords: cuttlebone fossils, cephalopods, Taoyuan Daxi, Tainan Yujing, biological
migration
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Research of quartz distribution from the impact of phreatic

eruption at Tatun Volcanic Group
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& O4F WA B H O E OAEF R S RE B E o AR L B3k 64 B B A)
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Keywords: Tatun volcanic group, quartz, phreatic eruption
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Using A2C t&d model to simulate tephra dispersion on Tatun Volcanic Group
WEGE S BB v EEC

VB L& 6 o K B A 2 4
RBIE T RALAHRAEFEAR T O

#H B
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RS 0 KL 1 F 48 240m(S A LWL KWL 1) 0 R R 10 Btk —k 0 B4
B 5 AR REH 5 R KL RGEAE > F R KL RARR T HAKINL A
URERFFSHEBLRKLEEHEE BT -

Mégs P A2CE A X ~ Kb KWLEE ~ Kb & ~ Kb B35 $U(VED

Keywords: A2C t&d model, Tatun volcanic group, Tephra, Volcanic explosivity
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Re-examine the volcanic risk assessments and the most probable

eruption type at Tatun Volcano Group
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Application of volcanic disaster simulation software and assessment of disaster

probability to the Tatun Volcanic Group in Northern Taiwan: an example of lava flow
and lahar
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Keywords: Tatun Volcanic Group, Hazard assessment, Lava flow hazard, Lahar Hazard
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Classification, textures and eruption history of the youngest lava dome in the Tatun
Volcanic Group, Northern Taiwan
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Keyword: Tatun Volcano Group, fluid geochemistry, volcano monitoring
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Volcanic collapse and subsequent magmatic activity events: The case study of
Lutao in the Northern Luzon Arc
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Sky, ground and sea: The fantastic journey of Pyroclastic Density Currents
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Keywords: Pyroclastic Density Currents, subaerial into subaqueous, Northern Luzon
Arc, Taiwan
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Fault zone dynamic from fiber optic sensing of MiDAS

Kuo-Fong Ma'-2, and MiDAS Project team

1: Institute of Earth Sciences, Academia Sinica, Taiwan

2: Department of Earth Sciences, National Central University, Taiwan

The opportunity to map and observe the fault zone behavior at depth with high spatial
resolution are rare as also the challenge itself on targeting and identifying the fault zone
at depth. The MiDAS project successfully retrieved the fault core associated with Milun
fault zone, which could be also seen in geophysical logs with low velocity and
resistivity, and mapped using Optical Fiber Sensing technique of the downhole fiber.
Within the Milun fault zone, while a 20m thick fault core with grey and black gouge
was discovered, a distinct seismic feature associated with this 20m fault gouge was
found by its amplification of the strain records from DAS. This amplification ratio is
about 2.5-3 when compared to the channels at deeper depth related to a consolidated
rock material. This amplification factor was frequency and azimuth independently
with similar amplification factor. Our study shows that the amplification from this 20m
fault gouge zone is mainly from the nature of the heterogeneous medium in elastic
constant while crossing the fault zone, especially the fault core. Similar feature at
surface but with wider surface rupture zone (~ 200m) was found in DAS data as well
although less evidence using commercial fiber, while could be validated from the
densely deployed geophones crossing the surface rupture of the 2018 Hualien
earthquake. Through the depth, a high-resolution asymmetric feature of this active fault
was evidenced from the downhole optical fiber and cores. In addition to the observation
through several earthquake sequences, the recording from 18 September 2023, M7.0
Chishang earthquake revealed a static strain changes through depth, which might be
able to help us to map a 3-D strain-field of a significant earthquake. Probing the fault
zone directly from this emerging high-resolution technology is excitng, and hope to
bring innovative understanding of fault zone dynamics.
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Temporal monitoring of the active Milun fault zone
using downhole distributed fiber-optic sensing

Huang, Hsin-Hua'~?, Kou-Fong Ma'#3 En-Shih Wu?3, Yun-Ze Cheng!, Chin-
Jen Lin', Chin-Shang Ku', Po-Li Su', and MiDAS working group

(1) Institute of Earth Sciences, Academia Sinica, Taiwan, (2) Department
of Geosciences, National Taiwan University, Taiwan, (3) Institute of
Oceanography, National Taiwan University, Taiwan, (4) Department of
Earth Sciences, National Central University, Taiwan, (5) Earthquake-
Disaster & Risk Evaluation and Management Center, Taiwan

Abstract

The occurrence of seismic or aseismic slips on a fault is primarily controlled by
fault zone structures and their properties. However, the buried subsurface locations or
strongly weathered outcrops of active faults often pose a challenge for conducting high-
resolution in-situ observations. The Milun fault ruptured both to the surface during the
Hualien earthquakes of 1951 and 2018 in eastern Taiwan with a relatively well-known
geometry, offering a unique venue to investigate the active fault zone using a cutting-
edge distributed acoustic sensing (DAS) technique. DAS utilizes the interaction of
photons with intrinsic defects of fiber to translate the phase shift of scattering echoes
into longitudinal dynamic strain every few meters along the fiber, enabling continuous
and high-resolution monitoring across the fault zone. The Milun Fault Drilling and All-
inclusive Sensing project (MiDAS), launched in late 2021, drilled two holes in the
hanging wall (Hole A) and footwall (Hole B) of the Milun fault and reached the fault
zone at a depth of approximately 500 meters in Hole A. The analysis of the DAS strain
rate data shows good agreement with the acceleration data of a nearby accelerometer in
terms of both spectrum and amplitude. The high-density sampling of downhole fibers
allows us to identify a 20-meter-thick major fault zone and several hidden faults at
different depths in Hole A. An amplitude-based method is proposed to employ the
unique properties of the strain data to directly map the subsurface velocity structures
over time. The derived velocity profiles are consistent with the logging velocity profile
and stable over time. With high spatial resolution from DAS, this method may offer a
new means for detailed temporal structural monitoring for wide applications such as
energy exploitation, groundwater management, and geohazards monitoring.
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On the Potential of Fiber-Optic Sensing for On-site

Earthquake Early Warning

En-Shih Wu! ~ Hsin-Hua Huang®* + and MiDAS working group
(D)Institute of Oceanography, National Taiwan University, Taiwan ~ (2)
Institute of Earth Sciences, Academia Sinica, Taiwan ~ (3)Department of

Geosciences, National Taiwan University, Taiwan

Abstract

Taiwan is an active orogenic belt located at the junction of the Eurasian plate and
the Philippine Sea plate. The seismicity rate is high and the number of M4+ felt
earthquakes can reach about 400 per year. The risk of damage to urban areas is
considerable, underscoring the importance of the Earthquake Early Warning (EEW)
system in reducing potential hazards. Two prevailing methods in the EEW system use
the ground-motion period parameter tc and a high-pass filtered vertical displacement
amplitude parameter Pd from the initial 3 sec of the P waveforms to alert for the
upcoming strong shaking (Wu et al., 2008). A recent study by Farghal et al. (2022)
suggests that distributed acoustic sensing (DAS) may have the potential for EEW
applications if the conversion of strain data to displacement can be accurately
achieved. In this study, we explore the relationship between DAS-derived strain and
strain rate data, recorded by two DAS experiments for on-site EEW applications. One
is the Milun fault drilling experiment (MiDAS) and the other is the ground-tapped
fiber experiment at the Research Center for Environmental Change (RCEC) building
in Academia Sinica. We utilize the initial 3 seconds of the strain data as the parameter
Pd and the maximum peak of strain rate data as PGV. Our preliminary findings
suggest that the strain and strain rate data have a good linear relationship at both the
MiDAS and RCEC sites. The MiDAS site is, in particular, an ideal experimental site
with good coupling for the majority of installations and allows us to confirm the
found linear relationship between the strain and strain rate data for EEW applications.
The RCEC site, on the other hand, represents a more realistic scenario for utilizing
existing telecommunication cables in urban areas and buildings, which, if validated,
could turn ubiquitous existing optical fiber infrastructure into a valuable tool for on-
site EEW in the future.
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Petrographic characterization of some metamorphic
rocks from MiDAS drill core samples: a preliminary
report

Chin-Ho Tsai' + Wen-Han Lo' + Dominikus Deka Dewangga' + Chih-Ying
Yeh! ~ Li-Wei Kuo® ~ Yoshiyuki lizuka®
(1) Department of Natural Resources and Environmental Studies, National
Dong Hwa University ~ (2) Department of Earth Sciences, National
Central University * (3) Institute of Earth Sciences, Academia Sinica

Abstract

Three core samples from the MiDAS project (Hole A) have been analyzed by optical
microscopy, SEM-EDS, and EPMA. Two samples (~503 m and ~514 m depths) are
metamorphic rocks and another underlying sample (~517 m depth) is of sedimentary
nature though its source materials are metamorphic. The two metamorphic samples are
pelitic schists with various degrees of retrogression. The lower schist is characterized by
garnet (almandine-rich) porphyroclasts and albite porphyroblasts in a foliated quartz-mica
matrix. Accessary phases include rutile, ilmenite, apatite, and sulfides. The
porphyroclastic garnet is flattened, fractured and partially replaced by chlorite. Inclusions
in garnet are mainly ilmenite and quartz. The porphyroblastic albite commonly contains
an internal foliation defined by tiny inclusions. Dolomite also occurs locally as
porphyroblasts with inclusions of quartz, iron-rich carbonates, and apatite. The foliated
matrix is composed of quartz, phengite, and paragonite. The upper schist is
petrographically similar to the lower one, except the former does not contain
porphyroblasts of albite and dolomite. The upper schist is also more retrogressed than the
lower one. The sample underlying the lower schist is a green rock characterized by
variegated clasts (mainly chlorite-carbonate rocks, carbonates, and rare serpentinite) in a
poorly-consolidated matrix of clay-sized talc, chlorite, and magnesite. This green rock is
essentially sedimentary and with mélange-like features. The source materials for the clasts
and the enclosing matrix seem to be from serpentinite-related metasomatic zones. The two
pelitic samples are petrologically similar to the so-called “spotted schist” of the Yuli belt.
A genetic connection is thus inferred. This MiDAS drill site is near the Milun
Conglomerate. However, the studied samples are different from the rock types of the
Milun Conglomerate. Therefore, the studied samples and their host (503.2-517.2 m)
appear to be allochthonous.
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Clay Characteristics in the fault zone of the Milun
fault

Yung-Ya Ling', Li-Wei Kuo'?, Pei-Chi Chiang', Yu-Qing Huang', Wen-Jie
Wu?, Kuo-Fong Ma?*
(1) Department of Earth Sciences, National Central University, Taoyuan
320, Taiwan
(2) Earthquake-Disaster & Risk Evaluation and Management Center, National
Central University, Taoyuan 320, Taiwan
(3) Department of Geology, Chinese Culture University, Taipei 111,
Taiwan

(4) Institute of Earth Sciences, Academia Sinica, Taipei 115, Taiwan

Abstract

A large earthquake (M, 6.4) struck Hualien in 2018, triggering the fault rupture of
the Milun fault. The Milun fault Drilling and All-inclusive Sensing (MiDAS) project
was undertaken to gain a better understanding of the structure and properties of the
Milun fault. In MiDAS, three boreholes (A-C) were drilled with continuous coring in
borehole A and C aiming to retrieve fault zone materials. The Milun conglomerate was
the main rock, while the Milun fault zone was recognized at a depth 0of491.05 m to
540.30 m, consisting mainly of altered rocks and gouge. In particular, an interval of core
from hole A consisting of several distinct layers of black gouge was observed at a depth
of ~522.45m, which was not observed at the other depths. We will conduct optical
microscopy, scanning and transmission electron microscopy, and in-situ synchrotron X-
ray diffraction analysis on the samples to determine the mineralogical and
microstructural characteristics and to reveal the fault-related processes. By applying the
proposed state-of-the-art methods to the retrieved sample, the aim of this study is to
investigate whether the sample contains a principal slip zone, which may provide insight

into possible faulting mechanisms of the Milun fault and earthquake physics.
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Origin of sand-rich interval in the Milun fault zone and its
implication
Yu-Qing Huang', Li-Wei Kuo' 2 Tze Yuan Chen', Kuo-Fong Ma®’, Amanda Lin’, Chloe
Jiang® , Wen-Jie Wu'
(1) Department of Earth Sciences, National Central University, Taoyuan 320, Taiwan, (2) Earthquake-Disaster
& Risk Evaluation and Management Center, National Central University, Taoyuan 320, Taiwan

Abstract

The 2018 Mw6.4 Hualien earthquake caused a major disaster. Subsequently, the
Milun fault Drilling and All-inclusive Sensing (MiDAS) project was initiated and three
boreholes were drilled (Borehole A-C). One of the aims of MiDAS is to understand the
structure and physical and chemical properties of the Milun fault. In boreholes A and C, the
Milun fault zone was recognized at a depth of ~491.05 m to 540.30 m, consisting mainly of
altered Yuli-belt-based rocks and foliated clay-rich gouge layers. Interestingly, a poorly
lithified sand-rich interval within the fault zone was encountered at a depth of 522m. As its
origin (either volcanic or metamorphic) may constrain the evolution of the fault zone and
associated regional structural setting (at this location), we generate altered, poorly lithified
sand-rich products and compare with the MiDAS samples to investigate its origin. We
perform hydrothermal alteration experiments on samples collected from three candidate
sandy strata, including the Tuluanshan Formation (Feldspar-rich sandstone), Fanshuliao
Formation (quartz-rich sandstone), and Yuli belt (quartz- and mica-rich sandstone). The
samples were immersed in 0.01N dilute sulfuric acid and kept in an oven at 110°C for various
periods of time to obtain the altered products. Results showed that the rocks of Tuluanshan
Formation was discernibly weathered, while the others were not. So far, some hydrothermal
experiments are still going on. We will conduct optical microscopy, Scanning Electron
Microscopy, computed tomography, and X-ray Diffraction on the samples to obtain their
microstructural features and mineral phases. These results may help to understand how the
Milun Fault evolved in this complex structural region.
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